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FOREWORD 
Goodyear A e r o s p a c e  C o r p o r a t i o n  (GAC) u n d e r  a  j o i n t l y  s p o n s o r e d  
NASA/Navy C o n t r a c t  (NAS2-8643) .as  c o n d u c t e d  a  P h a s e  I1 i n v e s t i g a -  
t i o n  i n t o  t h e  f e a s i b i l i t y  of  modern a i r s h i p s .  The A m e s  R e s e a r c h  
C e n t e r  and t h e  Navy A i r  Development C e n t e r  were  t h e  r e s p e c t i v e  NASA/ 
Navy s p o n s o r i n g  a g e n c i e s .  The P h a s e  I1 i n v e s t i g a t i o n  h a s  i n v o l v e d  
f u r t h e r  s t u d y  of  m i s s i o n / v e h i c l e  c o m b i n a t i o n s  d e f i n e d  d u r i n g  t h e  
Phase  I p o r t i o n  of  t h e  c o n t r a c t .  NASA C o n t r a c t o r  R e p o r t  NASA CR- 
137692 summarizes  t h e  GAC P h a s e  I i n v e s t i g a t i o n .  
Volume I of t h e  P h a s e  11 f i n a l  r e p o r t  summarizes  t h e  work p e r -  
formed r e l a t i v e  t o  a  Heavy L i f t  A i r s h i p  combin ing  buoyan t  l i f t  
d e r i v e d  f rom a  c o n v e n t i o n a l  h e l i u m  f i l l e d  a i r s h i p  h u l l  w i t h  p ro -  
p u l s i v e  l i f t  d e r i v e d  f rom c o n v e n t i o n a l  h e l i c o p t e r  r o t o r s .  Con- 
t r a c t  f u n d i n g  f o r  t h e  e f f o r t  r e p o r t e d  i n  Volume I was $96,000. 
D r .  Mark Ardema, t h e  NASA P r o j e c t  M o n i t o r ,  p r o v i d e d  v a l u a b l e  
t e c h n i c a l  g u i d a n c e  and d i r e c t i o n  t o  t h e  e n t i r e  s t u d y  e f f o r t .  M r .  
Ra lph  Huston was t h e  GAC Program Manager. G e r a l d  F a u r o t e  was t h e  
P r o j e c t  E n g i n e e r  f o r  t h e  Heavy L i f t  A i r s h i p  i n v e s t i g a t i o n .  O t h e r  
p r i n c i p a l  p e r s o n n e l  i n c l u d e d :  
S e n i o r  T e c h n i c a l  A n a l y s t  W .  N.  Brewer 
E n g i n e e r i n g  D e s i g n  N.  D .  Brown 
C o n t r o l  Sys tems A n a l y b t  D .  W. L i c h t y  
Computer A n a l y s t  N .  P. Toml inson  
S u b c o n t r a c t o r s  s u p p o r t i n g  t h e  GAC s t u d y  team i n c l u d e d :  
A e r o d y n a m i c s / S t a b i l i t y  & C o n t r o l  
N i e l s e n  E n g i n e e r i n g  & R e s e a r c h  
~nstitutional/~peratlonal C o n s t r a i n t s  
B a t t e l l e  Columbus L a b o r a t o r i e s  
H e l i c o p t e r  P e r f o r n a n c e / O p e r a t i o n a l  D a t a  
P i a s e c k i  A i r c r a f t  C o r p o r a t i o n  
O t h e r  c o n t r i b u t o r s  were: 
CH-54 Weight ,  C o s t ,  P e r f o r m a n c e ,  and Aerodynami- 
C h a r a c t e r i s t i c s ;  CH-54B M o d i f i c a t i o n  Guidance  
S i k o r s k y  A i r c r a f t  
H e a v y - L i f t - H e l i c o p t e r  Fly-By-Wire Technology 
G e n e r a l  E l e c t r i c  C o r p o r a t i o n  
Heavy-Li f t  H e l i c o p t e r  P r e c i s i o n  Hover Sys tem Techno logy  
Rad io  C o r p o r a t i o n  of  America 
The c o n t r a c t o r  w i s h e s  t o  acknowledge t h a t  NASA Ames R e s e a r c h  
C e n t e r  (ARC) p r o v i d e d  t h e  u s e  of  t h e  ARC 7 x 1 0 - f o o t  Wind T u n n e l  
F a c i l i t y  f o r  t h e  p u r p o s e  o f  a n  e x p l o r a t o r y  e v a l u a t i o n  of  t h e  
Phase  I1 Heavy L i f t  A i r s h i p .  
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APPENDIX A 
OPTIMUM DESIGN OF COMPRESSION STRUTS AND BOX TRUSSES 
CONVERSION FACTOR FOR APPENDIX A 
t~ - (519)  (t, + 459.67)  
1 . 0  f t  - 3 . 0 4 8 ~  1 0 - I  m 
1 . 0  in - 2.54 x 1 0 - I  m 
1 . 0  s p  ia - 6 . 4 5 ~  
1 . 0  jo l b  = 1.152 x 1 0 - I  m kg 
1 . 0  K s i  - 6.89 x 10'~ 1 / m 2  
1 . 0  l b  - 4 . 5 3 6 x 1 0 - ~ m / s  
1 . 0  l b l s q  i n  - 6 . 8 9  x l o+3  N / m  2 
1 . 0  l b l c u  in = 2.77 r 10'~ k g l c u  m 
A e 1  GENERAL 
T h i 8  Append ix  r e p a r t o  d e t a i l s  o f  t h e  i n A c i a l  p a r a m e t r i c  
s t u d i e s  o f  t h e  i n t e r c o n n e c t i n g  s t r u c t u r e ,  The  r e s u l t r  o f  t h a  
work r e p o r t e d  i n  t h i o  Append ix  l e d  t o  t h e  i n t e r c o n n e c t i n g  s t r u c -  
t u r e  f i n a l l y  s e l e c t e d  ( s e e  S e c t i o n  5.4 o f  Book I of  t h i s  vo lume 
of  t h e  r e p o r t ) .  
A.2 OPTIMUM DESIGN OF COMPRESSION STRUTS 
A s  shown by  G e o r g e  G i r a r d  ( R e f e r e n c e  1 )  a n d  o t h e r s  t h e  
optimum s t r e s s  f o r  a c o m p r e s s i o n  s t r u t  o f  u n i f o r m ,  s t a b l e ,  c r o s s  
s e c t i o n  i s  e x p r e s s e d  by: 
where :  
uo i s  t h e  optimum s t r e s s  
C i s  t h e  end f i x i t y  c o e f f i c i e n t  
P i s  t h e  r a d i u s  o f  g y r a t i o n  o f  t h e  c r o s s  s e c t i o n  
A i s  t h e  a r e a  of  t h e  c r o s s  s e c t i o n  
E t  i s  t h e  t a n g e n t  modulus  o f  t h e  m a t e r i a l  a t  t h e  s t r e s s  
Oo 
P i s  t h e  s t r u t  l o a d  
L i s  t h e  u n s u p p o r t e d  l e n g t h  
I t  w i l l  b e  shown i n  t h e  f o l l o w i n g  d e r i v a t i o n s  t h a t  i n  
g e n e r a l  t h e  optimum s t r e s s  i s  e x p r e s s e d  b y :  
0 ,  - Kb) ( S e e  F i g u r e  A . l )  
f o r  f a i l u r e  i n  t h e  e l a s t i c  r a n g e  where  K i s  r e l a t e d  t o  t h e  m a t e r -  
i a l  p r o p e r t i e s  and  t h e  s t r u t  d e s i g n ,  (PIL') i s  t h e  " s t r u c t u r a l  
i n d e x "  and  n  d e p e n d s  on  t h e  s t r u t  d e s i g n  a n d  f a i l u r e  mode c h a r -  
a c t e r i s t i c s .  
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High v a l u e s  o f  t h e  s t r u c t u r a l  i n d e x  p r o d u c e  v a l u e s  o f  
U o  [ f r o m  t h e  a b o v e  e q u a t i o n ]  w h i c h  a r e  g r e a t e r  t h a n  t h e  p r o p o r -  
t i o n a l  l i m i t s  o f  t h e  m a t e r i a l .  I n  t h i s  c a s e  t h e  K v a l u e  i s  n o t  
a  c o n s t a n t  b u t  v a r i e s  w i t h  t h e  t a n g e n t  modu lus  of t h e  m a t e r i a l  
t o  some power w h i c h  a l s o  d e p e n d s  on  t h e  s t r u t  c h a r a c t e r i s t i c s .  
The t a n g e n t  modu lus  m u s t  c o r r e s p o n d  t o  t h e  s t r e s s  u ,  and  t h e  
e q u a t i o n  f o r  u ,  i s  e v a l u a t e d  by c h o o s i n g  v a l u e s  o f  u , ,  c o m p u t i n g  
K f rom t h e  t a n g e n t  m o d u l u s  a t  u,, s o l v e  f o r  PIL ' .  T h i s  d a t a  i n  
t h e n  p l o t t e d  a s  a, v s  P I L '  f rom w h i c h  c u r v e  t h e  u ,  c a n  be  r e a d  
d i r e c t l y  f o r  a n y  v a l u e  o f  p / L 2 .  A s i m p l e  a p p r o x i m a t i o n  f o r  t h i s  
b e h a v i o r  c a n  b e  made by u s i n g  t h e  e l a s t i c  c h a r a c t e r i s t i c s  w i t h  
a c u t o f f  a t  t h e  y i e l d  s t r e s s  o f  t h e  m a t e r i a l .  I n  a l l  o f  t h e  
f o l l o w i n g  d e r i v a t i o n s  when E a p p e a r s ,  i t  s h o u l d  be  i n t e r p r e t e d  
t o  mean t a n g e n t  modu lus .  
A.2.1 S t r u t s  w i t h  S t a b l e  C r o s s  S e c t i o n s  
T h i s c l a s s  of  s t r u t  i s  s u b j e c t  t o  a  s i n g l e  f a i l u r e  
mode; l o n g  co lumn b u c k l ~ a g .  T h i n  t u b u l a r  s t r u t s  a r e  t y p i c a l  o f  
t h i s  c l a s s  and  e x h i b i t  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  
S t r u t  W t .  - L p ' f 2  
( " / 8 ~ / t ) 1 / 2  (h) 
For  aluminum t u b e s  w i t h  D / t  = 5 0 ,  E = 10' 
Note  t h a t  t h e  w e i g h t  i e  a  s t r o n g  f u n c t i o n  of  t h e  l e n g t h ,  a  weak 
f u n c t i o n  o f  t h e  l o a d  P. Note  a l s o  t h a t  t h e  m a t e r i a l  f a c t o r  i s  
& / E ' / '  w h e r e  6 i n  t h e  m a t e r i a l  d e n s i t y .  
A . 2 . 2  T h i n  Wal l ed  Tubes  S u b j e c t  t o  L o c a l  B u c k l i n g  
The l o c a l  b u c k l i n g  e t r e s e  f o r  a t h i n  w a l l e d  c i r c u l a r  
t u b e  c a n  b e  t a k e n  a s :  
'cr 
The 
Qc 0 
l o n g  co lumn b u c k l i n g  c h a r a c t e r i s t i c  i s :  
The a p p l i e d  r t r e r s  i e  
G e r a r d  [ R e f e r e n c e  1 ] a r g u e r  t h a t  t h e  optimum d e s i g n  
o c c u r s  when: 
Q Q c r  Q c o l  
From which: 
w i t h  LID and D / t  s e t  a t  t h e  optimum r a t i o s  o f :  
For  E = l o '  1 / 3  u = 2 7 , 0 0 0 ( 5 )  L 
Note  t h a t  K h a s  changed f rom 1 4 , 0 0 0  f o r  t h e  s t a b l e  
c r o s s  s e c t i o n  t o  27,000 f o r  D / t  s e > t  h i g h  enough t o  p r o d u c e  
s imul tar . sous  l o c a l  and l o n g  c o l u ~ n  L u c k l i n g .  Note a l s o  t h a t  
n  = ) i n s t e a d  o f  4 f o r  t h e  s t a b l e  c r o s s  s e c t i o n  e a s e .  
A.2.3 T h r e e  Boom G i r d e r s  C o n s t r u c t e d  from T h i n  Walled Tubes 
The g i r d e r  i s  e n v i s i o n e d  t o  b e  s i m i l a r  t o  t h e  c l a s s i c  
r i g i d  a i r r h i p  d e s i g n  w i t h  t h e  t h r e e  booms p l a c e d  a t  t h e  c o r n e r s  
o f  a n  e q u i l a t e r a l  t r i a n g l e ,  The l a t t i c e  t u b e s  a r e  a r r a n g e d  i n  
a  w a r r e n  t rusr  p a t t e r n  fo rming  e q u i l a t e r a l  t r i a n g l e s  i n  t h e  t h r e e  
s i d e  p l a n e s .  
T h r e e  modes of  f a i l u r e  a r e  o o r s i b l e :  l o c a l  b u c k l i n g  o f  
boom t u b e r ,  s h o r t  column b u c k l i n g  o f  buom t u b + # ,  and l o n g  column 
b u c k l i n g  o f  t h e  g i r d e r ,  
L e t  b  = g i r d e r  c r o s s  s e c t i o n  d i m e n s i o n  f rom c e n t e r  
t o  c a n t e r  o f  booms 
L  = g i r d e r  u n s u p p o r t e d  l e n g t h  
D = boom t u b e  d i a m e t e r  
t = boom t u b e  t h i c k n e s s  
F o r  c o n v e n i e n c e  t h e  l a t t i c e  t u b e s  a r e  assumed t o  b e  of  
one-ha l f  t h e  d i a m e t e r  o f  t h e  boom t u b e s  and t h e  same D / t .  T h i s  
p r o d u c e s  a  "Ginger  Bread   actor" of  1 .50 .  T h i s  means t h a t  t h e  
w e i g h t  of  t h e  c o m p l e t e  g i r d e r  i s  1 . 5  t i m e s  t h e  w e i g h t  o f  t h e  
booms, a l t e r n a t e l y  t h e  " e f f e c t i v e "  optimum s t r e s s  u O e  i s  $ t h e  
a c t u a l  work ing  stress i n  t h e  booms. 
S e t t i n g  t h e  L/b  and D / t  r a t i o s  t o  p r o d u c e  s i m u l t a n e o u s  
b u c k l i n g  i n  t h e  t h r e e  modes y i e l d s :  
where L/b and D / t  a r e  optimum a t  
For  E = 10' = 6 3 , 3 0 0 ( 5 )  1/4 
'oe 
A . 2 . 4  T h r e e  Boom G i r d e r e  - S t a b l e  C r o r e  S e c t i o n  Tubes  
I f  t h e  D / t  o f  t h e  t u b e s  i s  a r b i t r a r i l y  a s s i g n e d  a v a l u e  
l e s s  t h a n  t h a t  r e q u i r e d  t o  p r e v e n t  l o c a l  b u c k l i n g  t h e  c h a r a c t e r  
o f  t h e  optimum d e s i g n  becomes: 
where  t h e  c r o s s  s e c t i o n a l  d i m e n s i o n s  a r e  optimum a t :  
m 
L 
bop t ;(A) 1 1 2  
3 'oe 
I n  t h e  above ,  D / t  i a  a r b i t r a r y  b u t  n o t  more t h a n :  
T h i s  c o n f i g u r a t i o n  i e  of  p a r t i c u l a r  i n t e r e s t  u s i n g  HP9420 s t e e l  
t u b e e  which are a s s e m b l e d  by w e l d i n g  w i t h  a y i e l d  s t r e e e  o f  
1 8 0 , 0 0 0  p a i  a f t e r  w e l d i n g  w i t h  no s u b s e q u e n ~  h e a t  t r e a t m e n t .  
A-R 
A.2.5 Fiber Reinforced Epoxy Tubes 
Several combinations are considered. In every case 
the tubes are proportioned such that local buckling and long 
column buckling occur simultaneously. Multiple layers are as- 
sumed in an isotrophic pattern so that homogeneous properties 
are appropriate. The local buckling failure is taken conserva- 
tively at: 
VF = Fiber Volumeric Fraction 
Properties of candidate composite materials are given 
in Table A.1. 
T a b l e  A . 1  - Composi te  P r o p e r t i e s  
Composite Boron Epoxy 
VF - 5 0  
FCU (KSf) 1 3 5  
E ( x ~ o - ~ )  11.44 
K (KSI) 27.394 
D e n s i t y ,  6, # / 1 n 3  .0725 
K / 6  [ I n c h e s ]  377,848 
Fcu/6  [ I n c h e s ]  1 ,862 ,000  
GRAPHIT 
High 
S t r e n g t h  
.60  
6  9  
8.09 
21.744 
.056 
388,286 
1,232,000 
- 
/EPOXY 
High 
Modulus 
.60 
3 8 
9.42 
24.066 
.058 
414,931 
655,000 
Glass 
Epoxy 
A.2.6 F a b r i c a t e d  Octagon 
Des ign  s t u d i e s  on t h e  H f rame  u s i n g  e x t r u d e d  aluminum 
a l l o y  t u b e s  of c i r c u l a r  o r  o c t a g o n  c r o s s  s e c t i o n  r e v e a l e d  a  
f a b r i c a t i o n  problem. Optimum d e s i g n  p r o p o r t i o n s  i n d i c a t e d  ~ / t  
v a l u e s  of 60 o r  more a r e  n e c e s s a r y  t o  a c h i e v e  minimum w e i g h t .  
The l o a d s  i n v o l v e d  i n  t h e  heavy l i f t e r  H f rame  r e q u i r e  s e c t i o n s  
of  1 0  i n c h e s  o r  more i n  d i a m e t e r .  The l a r g e s t  e x t r u s i o n  p r e s s e s  
a v a i l a b l e  a r e  n o t  c a p a b l e  of e x t r u d i n g  t h e s e  l a r g e  s e c t i o n s  i n  
h i g h  s t r e n g t h  a l l o y s  w i t h  t h e  h i g h  D / t  r a t i o s  r e q u i r e d .  
The o c t a g o n  s e c t i o n  [ F i g u r e  A.2 1 f a b r i c a t e d  f rom s h e e t  
[ p l a t e ]  s t o c k  of h i g h  s t r e n g t h  a l l o y s  was i n v e s t i g a t e d  a s  a n  
a l t e r n a t e  a p p r o a c h  which p e r m i t s  c o n t r o l  o v e r  t h e  D / t  r a t i o  t o  
c r e a t e  t h e  d e s i r e d  v a l u e .  I n  t h i s  d e s i g n  t h e  optimum s t r e s s  i s  

: I  L 
a g a i n  d e r i v e d  by e s t a b l i s h i n g  p r o p o r t i o n s  which r e s u l t  i n  s imul -  . I  ! 
! 
t a n e o u s  b u c k l i n g  l o c a l l y  and a s  a  l o n g  column. 
. . 
P n 2 ~  Qco 1 
w i t h  P ,  L and E g i v e n ,  and u = Ucr 
4 
T a k i n g  E = l o 7 ,  uo - 1 7 , 2 5 0 ( $ ) *  
The above  d e v i a t i o n  f o r  t h e  f a b r i c a t e d  o c t a g o n  p r e -  / 1 
sumes t h a t  t h e  column c u r v e  f o r  s e c t i o n s  of t h i s  t y p e  c a n  b e  r e -  J 
p r e s e n t e d  by a  t a n g e n t  modulus l o n g  column c u r v e  w i t h  a  c u t o f f  
a t  t h e  l o c a l  b u c k l i n g  s t r e s s .  I n  o r d e r  t o  v e r i f y  t h i s  p r e s u m p t i o n  i.1 
a  s e r i e s  o f  t e s t  s p e c i m e n s  was f a b r i c a t e d  f rom b a r e  7 0 7 5 2 6  
m a t e r i a l  a n d  t e s t e d .  T h i s  d a t a  and  a n a l y s i s  i s  p r e s e n t e d  i n  
S e c t i o n  A.4 o f  t h i s  Appendix .  
A . 3  BOX TRUSSES I N  B E N D I N G  A N D  T O R S I O N  
The i n i t i a l  e s t i m a t e  of  t h e  s t r e n g t h  r e q u i r e m e n t s  f o r  
t h e  k e e l  o f  t h e  H Frame,  see F i g u r e  A . 3 ,  was b a s e d  o n  a maximum 
l i m i t  r o t o r  t h r u s t  e q u a l  t o  3 g ' s  b a s e d  o n  t h e  n o r m a l  g r o s s  w e i g h t  
of  a  C H 5 4 B  h e l i c o p t e r .  It was f u r t h e r  a s sumed  t h a t  two d i a g o n a l l y  
o p p o s i t e  h e l i c o p t e r s  would t u g  a g a i n s t  a  p a y l o a d  w i t h  t h e  o t h e r  
two h e l i c o p t e r s  d e a d .  T h i s  assumed c o n d i t i o n  [ l a t e r  f o u n d  t o  b e  
much t o o  c o n s e r v a t i v e ]  c r e a t e s  a  t o r s i o n a l  s t r e n g t h  r e q u i r e m e n t  
o f  t h e  k e e l  on  t h e  o r d e r  o f  1 5 0  x 1 0 '  i n c h  pounds  combined  w i t h  
a  l e s s  demanding  b e n d i n g  moment a n d  d i r e c t  s h e e r .  
Numerous d e s i g n  a p p r o a c h e s  f o r  t h e  k e e l  beam were e v a l u -  
a t e d  i n c l u d i n g  t y p i c a l  a i r p l a n e  f u s e l a g e  c o n s t r u c t i o n ,  r e c t a n g u -  
l a r  and  c i r c u l a r  s a n d w i c h  s h e l l s ,  a n d  box  t r u s s e s  w i t h  r i g i d  
b r a c i n g  a s  w e l l  a s  c a b l e  [ o r  w i r e ]  b r a c e d  box beams. A s  a re- 
s u l t  o f  t h e s e  s t u d i e s  t h e  box  t r u s s  was j u d g e d  t o  b e  t h e  mos t  
s u i t a b l e  c o n s t r u c t i o n  f o r  t h e  k e e l  member f o r  minimum w e i g h t ,  
s i m p l i c i t y  of  c o n s t r u c t i o n  and  r e l a t i v e  e a s e  of  a d a p t a b i l i t y  t o -  
ward p r o v i d i n g  s t r o n g  p o i n t s  f o r  a t t a c h m e n t  o f  p a y l o a d  s l i n g s ,  
s u s p e n s i o n  c a b l e s ,  t i e  down c a b l e s ,  e t c .  I n  g e n e r a l ,  t h e  r i g i d -  
l y  b r a c e d  [ X  p a t t e r n ]  box beams w i t h  s e c o n d a r y  b r a c i n g  t o  t h e  
c o m p r e s s i o n  booms p r o v i d e d  t h e  l e a s t  w e i g h t  d e s i g n  w i t h  optimum 
d e p t h s  o n  t h e  o r d e r  o f  1 6 '  + 2 5 '  d e p e n d i n g  on  t h e  s p e c i f i c  con-  
f i e u r a t i o n ,  

S e v e r a l  i n t e r e s t i n g  r e s u l t s  were  d e v e l o p e d  d u r i n g  t h e s e  
d e s i g n  s t u d i e s .  The most  i n t e r e s t i n g  r e s u l t s  a r e  most e a s i l y  
i l l u s t r a t e d  by t h e  optimum d e s i g n  c h a r a c t e r i s t i c s  of  t h e  c a b l e  
b r a c e d  box beam. 
The t y p e  of  c o n s t r u c t i o n  b e i n g  c o n s i d e r e d  and  t h e  p r i n c i -  
p l e  r e s u l t s  a r e  i l l u s t r a t a d  i n  F i g u r e  A . 4  , 
Observe  t h a t  t h e  " d o o d l e  box" beam i s  d e f i n e d  t o  p r e s e n t  
s q u a r e  s u r f a c e  p a n e l s  w i t h  45' b r a c i n g  s o  t h a t  l o n g i t u d i n a l  and 
t r a n s v e r s e  s t r u t s  a r e  o f  e q u a l  l e n g t h s .  I n  t h e  p u r e  t o r s i o n  con- 
d i t i o n  a l l  c a b l e s  [ o n e  s e t ]  a r e  e q u a l l y  l o a d e d  and a l l  s t r u t s  
a r e  e q u a l l y  l o a d e d .  
b  = d i a m e t e r  o f  i n s c r i b e d  c i r c l e  
N = number of  s i d e s  
T  = T o r s i o n a l  moment i n c h  l b s  
P  = s t r u t  c o m p r e s s i o n  - l b s  
L  = s t r u t  l e n g t h  - i n c h e s  
n  
n  & K are from t h e  optimum s t r e s s  eq. u O  = R (PIL*)  
o f  S e c t i o n  A . 2 .  
( ~ 1 6 ) ~  i s t h e  s t r e n g t h  w e i g h t  r a t i o  o f  t h e  c a b l e s  
WB i s  t h e  w e i g h t  o f  t h e  s t r u t s  p e r  i n c h  of  beam l e n g t h  
w c i s  t h e  w e i g h t  o f  t h e  c a b l e s  p e r  i n c h  of  beam 
l e n g t h  

I n  F i g u r e A . 4 , n o t e  t h a t  t h e  w e i g h t  of  t h e  s t r u t s  [Ws] 
c a n  i n c r e a s e  w i t h  "bgl, d e c r e a s e  a s  "b" i n c r e a s e s  o r  r e m a i n  con- 
s t a n t  a s  "b" c h a n g e s  d e p e n d i n g  on t h e  v a l u e  o f  "n" . The c a b l e  
w e i g h t  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  "b'" . 
The Ws e x p r e s s i o n  i s b a s e d  on e l a s t i c  a c t i o n  o f  t h e  
s t r u t s  and i s  s u b j e c t  t o  two l i m i t a t i o n s :  
1) a. must  n o t  exceed  t h e  y i e l d  c u t o f f  s t r e s s  a* on  
t h e  one  e x t r e m e  and 
2 )  Miuimum gage  l i m i t a t i o n s  must  n o t  b e  exceeded .  
When n  > a n  optimum d i a m e t e r  "b" c a n  b e  c a l c u l a t e d  
from t h e  e q u a t i o n  and may o r  may n o t  f a l l  w i t h i n  t h e  e l a s t i c  
r a n g e  on t h e  s t r u t s .  W i t h i n  t h e s e  l i m i t a t i o n s ,  t h e  optimum 
w e i g h t  e q u a t i o n  a p p l i e s  f o r  c a s e s  where  n  > 4. 
An i n t e r e s t i n g  c a s e  ,&s n  = 3 .  The s t r u t  w e i g h t  i s  i n d e -  
p e n d e n t  of  t h e  c h o i c e  of "b" s u b j e c t  t o  t h e  e l a s t i c  l i m i t a t i o n s  
whtch r e q u i r e s  t h a t  b be  g r e a t e r  t h a n  t h e  minimum shown. 
A s  b  i n c r e a s e s  s u c h  t h a t  b becomes much l a r g e r  t h a n  
t h e  minimum, t h e  optimum s t r u t  s t r e s s  d e c r e a r e e  and t h e  o v e r a l l  
w e i g h t  g o e s  down d u e  t o  d e c r e a r i n g  c a b l e  w e i g h t .  T h i s  c h a r a c t e r -  
i s t i c  d r i v e s  t h e  d i a m e t e r  i n t o  t h e  v e r y  l a r g e  r a n g e  a r e a  and 
w i l l  e v e n t u a l l y  f a c e  minimum gage  l i m i t a t i o n s .  Note t h a t  t h e  
r t r u t  w e i g h t  i s  i n d e p e n d e n t  o f  t h e  s t r e n g t h l w e i g h t  r a t i o  o f  t h e  
a t r u t  m a t e r i a l  and t h e  t r e n d  f o r  minimum w e i g h t  i r  toward  low 
strerses i n  t h e  s t r u t s .  
The r a t i o  [ K / 6 ]  i n  t h e  p a r a m e t e r  of a i g n i f i c a n c e .  ~ u r t h e r  e x p l o r a -  
I 
t i o n  i n  t h e  a r e a  i r  i l l u a t r a t e d  i n  F i g u r e  A.5  whera t h e  number of i I 
a i d e s  N i a  in ' roduced a a  a open  p a r a m e t e r  a l o n g  w i t h  "b". 
T h i s  p r o c e d u r e  r e r u l t r  i n  a  minimum w e i g h t  c u r v e :  
i n  which c a s e  N i s  c h o s e n  t o  c r e a t e  a  y i e l d  l i m i t a d  c o n d i t i o n  
a, = a* 
The s i g n i f i c a n c e  of t h i s  r e s u l t  l i e s  i n  t h e  f a c t  t h a t  t h e  I ' 
minimum w e i g h t  s t r u c t u r e  i s  now c l e a r l y  a  d i r e c t  r e f l e c t i o n  of i 1 
t h e  s t r e n g t h l w e i g h t  r a t i o  of  t h e  m a t e r i a l s  i n d e p e n d e n t  of Youngs i 
i i modulus e x c e p t  f o r  t h e  a p p r o p r i a t e  v a l u e  of N t o  u s e .  I t  i s  
p r e c i s e l y  t h e  s t r e n g t h l w e i g h t  r a t i o  o f  t h e  m a t e r i a l s  which have  
been g r e a t l y  improved w i t h  t h e  developmnnt  of  new e x o t i c  m a t e r i a l s .  [ / i .  T h i s  r e s u l t  t h e r e f o r e  s u g g e s t s  t h a t  g r e a t  improvements  i n  s t r u c -  
t u r a l  e f f i c i e n c y  c a n  b e  r e a l i z e d  by t h e  p r o p e r  a p p l i c a t i o n  of  
new m a t e r i a l s .  .1 
i '! E x t e n s i o n  o f  t h i s  a n a l y r i s  t o  t h a  c a s e  of s h e a r  and  i :  
bend ing  p r o v i d e s  a  s i m i l a r  r e s u l t :  
where: 1 
1 I n  
2M a n d N  = ( f * )  (2'23n2) D o  = -v v 

D i s  t h e  optimum d i a m e t e r ,  M t h e  d e s i g n  b e n d i n g  moment 
0 
and V t h e  d e s i g n  s h e a r  f o r c e .  Bending and s h e a r  may b e  a p p l i e d  
i n  any d i r e c t i o n  t o  t h e  c r o e s  mec t ion .  
Am4 EVALUATION OF OCTAGONAL COLUMNS 
I A.4.1 I n t r o d u c t i o n  
\ S t r u c t u r a l  member8 ha**ing a n  o c t a g o n a l  c r o s o - s e c t i o n  a r e  
I 1 b e i n g  c o n s i d e r e d  f o r  t h e  HLA. The s t r e n g t h  of  t h e s e  members 
h a s  been computed on t h e  a s s u m p t i o n  t h a t  l o c a l  and g e n e r a l  
I 
i n s t a b i i i t y  depend upon t h e  t a n g e n t  modulur ..,< t h e  m a t e r i a l  and 
, t h a t  t h e r e  i s  no i n t e r a c t i o n  between t h e  two m-des O L  f a i l u r e .  
T e s t s  o f  o c t a g o n a l  s e c t i o n e  were  made and t h e  r e s c l t . e  compared 
t o  t h e  p r e d i c t e d  v a l u e s .  
A.4.1 Theory  
A.4.2.1 S e c t i o n  P r o p e r t i e s  
Eq. 3 
Eq. 4 
A . 4 . 2 . 2  Tangen Modulus Et 1 The t a h g e n t  modulus i n  t e r m s  of  t h e  Ramburg-Osgood 
p a r a m e t e r s  i s  g i v e n  by 
A . 4 . 2 . 3  G e n e r a l  I n s t a b i l i t y  ucol 
A.4 .2 .4  L o c a l  I n s t a b i l i t y  
Eq. 5 
Eq. 6 
Eq. 7 
A.4 .2 .5  S e c t i o n  C r i p p l i n g  ucc 
I f  t h e  q e c t i o n  c o n s i s t e d  of  8 i d e n t i c a l  s i d e s , ,  which  
c o u l d  be  t h e  c a s e  w i t h  a n  e x t r u s i o n ,  t h e n  t h e  l o c a l  i n s t a b i l i t y  
stress i s  a l s o  t h e  s e c t i o n  c r i p p l i n g  s t r e s s .  
I f  t h e  e l e m c n t s  of t h e  s e c t i o n  a r e  not t h e  same t h e n  i t  
is assumed t h a t  e a c h  s e c t i o n  w i l l  c a r r y  a  l o a d  c o n s i s t e n t  w i t h  
i t s  l o c a l  i n s t a b i l i t y  and t h e  s e c t i o n  c r i p p l i n g  stress is  a  
w e i g h t e d  a v e r a & e .  
Eq. 8 
For  t h e  t e s t  specimen i t  i s  assumed t h e  s i x  p l a i n  s i d e s  
b u c k l e  a t  a  s t ress  cLOC1 b a s e d  on t l a .  F o r  t h e  o t h e r  two s i d e s  
p l u s  t h e  f l a n g e s  t h e  b u c k l i n g  s t r e s s  
CLOCm 
i s  b a s e d  upon 2 t 1 a .  
L 
The s e c t i o n  c r i p p l i n g  s t r e s s  i s  t h e n  g i v e n  by 
A . 4 . 2 . 6  I n i t i a l  E c c e n t r i c i t y  
I f  a  column h a s  a n  i n i t i a l  e c c e n t r i c i t y ,  yo ,  
a t  no  l o a d ,  t h e  d e f l e c t i o n  w i l l  i n c r e a s e  t o  yT 
when a n  a x i a l  l o a d  i s  a p p l i e d .  A good a p p r o x i -  
m a t i o n  f o r  t h e  d e f l e c t i o n  i s  g i v e n  by 
I P 
Eq. 9 
E q .  1 0  
The maximum c o m p r e r s i o n  stress i n  t h e  s e c t i o n  i n  g i v e n  
Eq. 11 
The f a i l i n g  stress i s  t h e  l o c a l  i n s t a b i l i t y  of f l a t  
e l e m e n t  a s  g i v e n  by E q u a t i o n  7.  L e t t i n g  up d e n o t e  t h e  
P/A s t r e s s  t h e n  
A.4.2.7 T r a n s v e r s e  T e s t  D i s p l a c e m e n t  
L e t  y  b e  t h e  i n i t i a l  d i s p l a c e m e n t  as 
0 
P 
b e f o r e .  I f  a n  a x i a l  l o a d  i s  a p p l i e d  t h e  
measured t r a n s v e r s e  d e f l e c t i o n  i s  y and t h e  
t o t a l  d e f l e c t i o n  yT. E q u a t i o n  1 0  a g a i n ,  
a p p l i e s  e x c e p t  now we s e p a r a t e  y  i n t o  two T  1 
p a r t s ,  t h u s  
\ 
f a i l i n g  
Eq. 1 2  
T h i s  e q u a t i o n  c a n  b e  m a n i p u l a t e d  t o  t h e  f o l l o w i n g  form 
P - P  P - 
c r  - Yo p Eq. 1 3  
which i s  a  s t r a i g h t  l i n e  when P  i s  p l o t t e d  v r - s u s  P /y .  The 
i n t e r c e p t  a t  t h e  o r d i n a t e  i s  and t h e  s l o p e  of  t h e  c u r v e  
i s  t h e  i n i t i a l  d i s p l a c e m e n t .  
A.4.3 Test Program 
A.4.3.1 Specimen 
The spec imens  w e r e  f a b r i c a t e d  f rom 7075-T6 b a r e  s h e e t .  
They were formed i n  two h a l v e s  and r i v e t e d  t o g e t h e r  a l o n g  
t h e  f l a n g e .  The e n d s  w e r e  machined s q u a r e  and p a r a l l e l .  
A.4.3.2 T e s t  S e t u p  and P r o c e d u r e  ?+? 
The t e s t s  were  r u n  i n  t h e  Baldwin Cc*ncc'~6 
U n i v e r s a l  t e s t  machine .  The spec imen  
was l o a d e d  t h r o u g h  a  h e m i s p h e r e  of 1 I 
hardened  s t e e l  a t  e a c h  end.  C e n t e r i n g  
s t o p s  were  a t t a c h e d  t o  t h e  f l a t  s i d e  
of t h e  h e m i s p h e r e  t o  e n s u r e  t h a t  t h e  I I G A ~ L  
specimen c e n t r o i d  c o i n c i d e d  w i t h  t h e  I I 
c e n t e r s  of  t h e  h e m i s p h e r e s .  A l e v e l  
was used  t o  c h e c k  t h a t  t h e  spec imen  
was v e r t i c a l .  
For  t h e  l o n g  spec imen  s d i a l  gage  was m u n t e d  a t  t h e  
m i d p o i n t  of t h e  specimen t o  m e a s u r e  t h e  t r a n s v e r s e  d e f l e c t i o n .  
For  t h e  s h o r t e r  spec imen  o n l y  t h e  head t r a v e l  o r  a x i a l  d e f l e c -  
t i o n  was measured.  I n  e i t h e r  c a s e  t h e  machine  o p e r a t o r  would 
c a l l  o u t  a t  p r e d e t e r n i n e d  l o a d  i n c r e m e n t s  and a n o t h e r  o p e r a t o r  
would r e c o r d  t h e  d e f l e c t i o n .  
Dimeneione of e a c h  spec imen  and t h e i r  w e i g h t  were  a l s o  
r e c o r d e d .  T a b l e  A.2 c o n t a i n s  t h e  d i m e n s i o n @ ,  w e i g h t ,  and maxi- 
mum comprese ion  l o a d  f o r  e a c h  specimen.  T a b l e  A.3 shows t h e  
l o a d - v e r t i c a l  d e f l e c t i o n  d a t a  f o r  t h e  s h o r t  specimen.  T a b l e  A.4 
shows t h e  l o a d - t r a n s v e r s e  d e f l e c t i o n  d a t a  f o r  t h e  l o n g  specimen.  
The maximum s t r e s s  f o r  e a c h  spec imen  was d e t e r m i n e d  a s  
f o l l o w s .  The l e n g t h  and w e i g h t  of  t h e  spec imen  was u s e d  t o  
c a l c u l a t e  t h e  c r o s s - s e c t i o n a l  a r e a  aesuming a m a t e r i a l  d e n s i t y  
of  0.101 p c l .  The maximum l o a d  was t h e n  d i v i d e d  by t h e  a r e a  t o  
o b t a i n  t h e  maximum stress. These  d a t a  a re  shown i n  T a b l e  A.5. 
T a b l e  A.5 Compress ion T e s t  R e s u l t s  
Spec. 
No. 
t L 
I N .  I I N .  A IN. 2 p M A ~  LBS =mx PSI 
65,274  , 
64,818  
43 ,143  
42 ,275  
43,374 
63 ,538  
63 ,731  
62 ,220  
58,913 
55,687 
51,434 
48,567 
48 ,908  
17,094 
17,481 
Tabla A . 2  Octagon Dimsnrione, Weight, and Maximum Comprereion 
Load Data 
COOOYEAR AEROSPACE 
. . .  .. ew.*I.tl*. 

Table  A.4  Load W. Tranrvarra Daf l er t ion  Data 
P r e d i c t e d  V a l u e r  
A.4.4.1 T y p i c a l  S e c t i o n s  
The d i ~ e n s i o n a l  d a t a  rhown i n  T a b l e  A.2 was a v e r a g e d  t o  
d e t e r m i n a  t h e  t y p i c a l  c r o r s  s e c t i o n  t o  b e  used  i n  t h e  c a l c u l a -  
t i o n s .  The p e r t i n e n t  s e c t i o n  p r o p e r t i e s  a r e  shown below i n  
T a b l e  A.6. 
T a b l e  A.6 T y p i c a l  S e c t i o n  P r o p e r t i e r  
t i n .  
bav e  i n .  
A i n .  2  
A t y p i c a l  s t r e s s - s t r a i n  c u r v e  f o r  7075-T6 b a r e  s h e e t  i e  
n o t  a v a i l a b l e .  I n  Bruhn ' s  " A n a l y s i s  and Des ign  o f  F l i g h t  
V e h i c l e  S t r u c t u r e s " ,  t h a  Romberg-Osgood p a r a m e t e r s  a r e  g i v e n  f o r  
many m a t e r i a l s .  The v a l u e s  of  7075-T6 b a r e  s h e e t  and e x t r u s i o n s  
a r e  shown i n  T a b l e  A.7. The c a l c u l a t i o n s  were  c a r r i e d  o u t  u s i n g  
b o t h  s e t s  o f  v a l u e s  s o  t h a t  t h e  s e n s i t i v i t y  of  t h e  p r e d i c t e d  
v a l u e s  t o  t h e  s h a p e  o f  t h e  s t r e s s - a t r a i n  c u r v e  c o u l d  b e  d e t e r -  
mined. 
T a b l e  A.7 Romburg-Osgood P a r a m e t e r s  
I Item I Bare  S h e e t  1 E x t r u s i o n  
A.4.4.2 G e n e r a l  I n e t a b i l i t y  
E q u a t i o n  6  war used  t o  c a l c u l a t e  t h e  r t r a r r ,  ucol, f o r  
g e n e r a l  i n s t a b i l i t y .  The s e c t i o n  p r o p e r t i e r  of T a b l a  A.6 f o r  
t h e  s h e e t  t h l c k n e e s  of 0 ,052 were  used  a l o n g  w i t h  t h e  a b o v e  
Romburg-Osgood p a r a m e t e r s .  The r e s u l t s  a r e  shown i n  T a b l e  A.8. 
The column l a b e l e d  R.S. i s  t h e  v a l u e  of  t h e  r i g h t  s i d e  of  Equa- 
t i o n  6. The e q u a t i o n  was s o l v e d  by t r i a l  and e r r o r  u e i n g  t h e  
c r i t e r i a  t h a t  t h e  a b s o l u t e  v a l u e  of  t h e  d i f f e r e n c e  bctween t h e  
l e f t  and r i g h t  a i d e s  o f  E q u a t i o n  6 b e  l e s s  t h a n  10 .  
T a b l e  A.8  C a l c u l a t e d  G e n e r a l  I n s t a b i l i t y  
Length 
In. 
100 
80 
75 
60 
50 
, 40 
35 
30 
25 
15 
v 
Extrusion 
R. S. 
A.4.4.3 L o c a l  I n s t a b i l i t y  and S e c t i o n  C r i p p l i n g  
COL - PSI 
Bare Sheet I 
E q u a t i o n  7 was u s e d  t o  c a l c u l a t e  t h e  s tress uLOC f o r  
l o c a l  i n s t a b i l i t y .  The s e c t i o n  p r o p e r t i e s  of  T a b l e  A.6 and  t h e  
m a t e r i a l  p a r a m e t e r s  of  T a b l e  A.7 were  used  i n  t h e  c a l c u l a t i o n s e  
T1.e v a l u e s  of aLOC were  t h e n  ueed t o  compute t h e  c r i p p l i n g  
s t r e s s ,  ace, a c c o r d i n g  t o  E q u a t i o n  9.  The r e s u l t s  of t h e s e  
c a l c u l a t i o n s  a r e  ahown i n  T a b l e  A.9. 
Tab le  A.9 C r l c u l r t r d  Loca l  and C r i p p l i n g  S t r e r r e s  
A.4.4.4 I n i t i a l  E c c e n t r i c i t y  
The e f f e c t  of i n i t i a l  e c c e n t r i c i t y  on t h e  f a i l i n g  e t r c e e  
was de te rmined  f o r  one  c a s e ,  t h e  0.052 t h i c k  s e c t i o n  wae a n  
i n i t i a l  e c c e n t r i c i t y  of 0 .1  i nch .  Equa t ion  1 2  was used t o  
d e t e r m i n e  t h e  f a i l i n g  a t r e s e ,  aF. The v a l u e s  of b  and p a r e  
from T a b l e  A.6, uCOL from Tab le  A.8 and aLOC from T a b l e  A.9. 
The r e s u l t s  of t h e r e  c a l c u l a t i o n 8  a r e  shown i n  T a b l e  A w l o w  
Tab l e  A.10 C a l c u l a t e d  F a i l i n g  S t r e s s  f o r  
I n i t i a l  E c c e n t r i c i t y  of  0.1 
# 
t/ 
0.0425, 
0.0850 
x 
0.0274 
t 
0.052 
1 0.034 1 , O.Or8 . 1 113;516 1 Local 
Crippling 
5- St re r r  - PSI R.8.  
68,276 
273,104 
x 
28,379 
Extrurtion 
57,162 
68,135 
61,277 
58,803 
39,767 41,227 
I n r t r b i l i t y  
Local 
Local 
Crippling 
e 
Bare Sheet 
51,875 
67,670 
57,798 
Local 28,330 
A.4.5 D i s c u s s i o n  of' R e s u l t 8  
A.4.5.1 S t r e s s - S t r a i n  Curve8 
The c a l c u l a t e d  s t r e s s - a t r a i n  c u r v e r  u s i n g  t h e  Romburg- 
Osgood p a r a m e t e r s  of  T a b l e  A.7 a r e  shown i n  F i g u r e  A . 6 .  T h e r e  
w i l l  be u s e f u l  i f  a c t u a l  s t r e r s - r t r a i n  c u r v e r  f o r  t h e  m a t e r i a l  
used  t o  make t h e  rpec imen  a r e  o b t a i n e d .  
I t  s h o u l d  b e  n o t e d  t h a t  t h e  f o l l o w i n g  d i s c u s s i o n s  a r e  
made w i t h o u t  b e n e f i t  of  a c t u a l  m a t e r i a l  p r o p e r t i e s .  It would b e  
d e s i r a b l e  t o  a p p l y  m a t e r i a l  c o r r e c t i o n  t o  t h e  t es t  d a t a .  
A.4.5.2 G e n e r a l  I n s t a b i l i t y  
The c a l c u l a t e d  v a l u e s  o f  uCOL from T a b l e  A.8 a r e  p l o t t e d  
i n  F i g u r e  A.7 v e r s u s  t h e  column l e n g t h .  F o r  column l e n g t h s  
g r e a t e r  t h a n  60 i n c h e s  t h e r e  i s  v i r t u a l l y  no d i f f e r e n c e  between 
b a r e  s h e e t  and e x t r u s i o n .  The e x t r u s i o n  g i v e s  h i g h e r  v a l u e s  
t h a n  t h e  b a r e  s h e e t  e x c e p t  f o r  l e n g t h c  l e s s  t h a n  20 i n c h e s .  The 
maximum d i f f e r e n c e  bwtween t h e  two c u r v e s  i s  a b o u t  5 ,000 PSI  a t  
a l e n g t h  n e a r  35 i n c h e s .  
The t e s t  p o i n t s  f o r  t h e  0.052 t h i c k  m a t e r i a l  a r e  p l o t t e d  
a s  c i r c l e s .  For  l e n g t h s  g r e a t e r  t h a n  25 i n c h e s  t h e  t e s t  p o i n t s  
l i e  above t h e  s h e e t  c u r v e  e x c e p t  a t  a  l e n g t h  of  7 5  i n c h e s ,  A t  
75  i n c h e s  t h e  t e s t  p o i n t s  a r e  s l i g h t l y  below t h e  c u r v e .  T h i e  
i s  due  t o  i n i t i a l  e c c e n t r i c i t y  of t h e  spec imen  a n d  w i l l  b e  d i s -  
c u s s e d  l a t e r  i n  more d e t a i l .  The t e s t  p o i n t s  a r e  i n  b e t t e r  
ag reement  w i t h  t h e  e x t r u s i o n  c u r v e  t h a n  t h e  b a r e  s h e e t  c u r v e ,  
however two p o i n t s  ( a t  L - 34 and 4 0 )  a r e  below t h e  e x t r u s i c n  
c u r v e .  
A.4.5.3 L o c a l  I n s t a b i l i t y  and S e c t i o n  C r i p p l i n g  
The v a r i o u s  s t r e s e e s  of i n t e r e s t  a r e  ehown i n  T a b l e  A . 1 1 ,  
The l o c a l  b u c k l i n g  and  c r i p p l i n g  s t r e s s  a r e  f rom T a b l e  A.9. F o r  
e o m p a r i r o n  t h e  f a i l i n g  s t ress  fox t h e  s h o r t e s t  l e n g t h  columns 
i m  a l s o  rhown. The t e s t  v a l u e r  a r e  from T a b l e  A.5 and a r e  t h e  
a v e r a g e  o f  two t e s t r  f o r  t h e  0.052 members and  t h r e e  t e s t a  f o r  
t h e  0.034 memberr. 
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T a b l e  A . 1 1  C r i p p i n g  S t r e s s  Compar ison  
, I t  i s  e v i d e n t  f rom t h e  a b o v e  t a b l e  t h a t  t h e  u s e  o f  u 
L O C  
t o  p r e d i c t  t h e  f a i l i n g  stress f o r  s h o r t  co lumns  i s  v e r y  c o n s e r v a -  
j 
t i v e .  It i s  t h e  most  c o n s e r v a t i v e  f o r  t 5 e  0.034 nismber b a s e d  
on  s h e e t  p r o p e r t i e s .  It  i s  t h e  l eas t  c o n s e r v a t i v e  f o r  t h e  
: 
y. 
T 
1 
S o u r c e  
C A L C  - L O C A L  - aLOC 
C A L C  - C R I P P L I N G  UCC 
TEST AV - 15" MEMBER 
0.052 member based  on e x t r u s i o n  p r o p e r t i e s .  The  minimum and 
maximum p e r c e n t  o f  t h e  t e s t  v a l u e s  were  66  a n d  8 8  r e s p e c t i v e l y .  
I .  
The c r i p p l i n g  s t r e s s  i s  a l s o  c o n s e r v a t i v e  f o r  p r e d i c t i n g  
t h e  f a i l i n g  s t r e s s  o f  s h o r t  c o l u m n s ,  b u t  f a r  l e s s  c o n s e r v a t i v e  
t h a n  t h e  l o - a 1  b u c k l i n g .  The b e s t  a g r e e m e n t  i s  w i t h  0.034 
e x t r u s i o n  c a l c u l a t i o n s  where  t h e  p r e d i c t e d  v a l u e  i s  9 6 %  of t h e  
t e s t  v a l u e .  The p o o r e s t  a g r e e m e n t  i s  w i t h  0.052 s h e e t  c a l c u -  
l a t i o n s  where  t h e  p r e d i c t e d  v a l u e  i s  8 9 %  of  t h e  t e s t  v a l u e .  
E x t r  
2 8 , 3 7 5  
41 ,227  
S h e e t  
5 1 , 8 7 5  
57 ,798  
It is recommended t h a t  t h e  c r i p p l i n g  s t r e s s  method b e  
u s e d  t o  p r e d i c t  t h e  f a i l u r e  of  s h o r t  co lumns  f o r  t h e  t y p e  o f  
c o n s t r u c t i o n  t e s t e d .  
A.4.5.4 I n t e r a c t i o n  
One c o n c e r n  i n  t h e  p r e d i c t i o n  o f  t h e  f a i l i n g  s t ress  is  
t h a t  t h e r e  Eay b e  a s t r o n g  i n t e r a c t i o n  be tween  t h e  c r i p p l i n g  
6 5 , 0 4 6  
E x t r .  
5 7 , 1 6 2  
61 ,277  
4 2 , 9 3 0  
S h e e t  
28 ,330  
39.757 
s t r e s s e s  a n d  t h e  column s t r e s s .  Most o f  t h e  s p e c i m e n  l e n g t h s  
of  t h e  0 . 0 5 2  members w e r e  s e l e c t e d  t o  b e  i n  t h e  r a n g e  w h e r e  
i n t e r a c t i o n  was e x p e c t e d  t o  o c c u r ,  name ly  l e n g t h s  be tween  2 5  
and 4 5  i n c h e s ,  The t e s t  p o i n t s  a n d  t h e  p r e d i c t e d  s t r e s s e s  a r e  
shown i n  F i g u r e  A . 7  f o r  c o m p a r i s o n .  
It  i s  n o t  e v i d e n t  f rom t h e  p l o t  t h a t  t h e r e  i s  i n t e r -  
a c t i o n  be tween  t h e  c r i p p l i n g  and  column s t r e s s .  I f  t h e r e  i s  
a n y  i n t e r a c t i o n ,  i t s  e f f e c t  i s  n o t  p r o n o u n c e d  a n d  i s  h i d d e n  i n  
t h e  s c a t t e r e d  t e s t  p o i n t s  i n  t h i s  r e g i o n .  More t e s t  p o i n t s  
would b e  r e q u i r e d  b e f o r e  a d e f i n i t e  c o n c l u s i o n  c o u l d  b e  made. 
Of g r e a t e r  p r a c t i c a l  i n t e r e s t  i s  n o t  w h e t h e r  t h e r e  i s  
i n t e r a c t i o n  b u t  w h e t h e r  t h e  a s s u m p t i o n  t h a t  t h e r e  i s  no i n t e r -  
a c t i o n  i s  a  s a t i s f a c t o r y  b a s i s  f o r  d e s i g n .  I f  t h e  t e s t  p o i n t s  
a r e  compared  t o  t h e  p r e d i c t e d  v a l u e s  b a s e d  on  b a r e  s h e e t  
p r o p e r t i e s  i t  i s  s e e n  t h a t  t h e  t e s t  p o i n t s  a r e  i n  a l l  c a s e s  
h i g h e r  t h a n  t h e  p r e d i c t e d  v a l u e s .  T h e r e f o r e ,  b a s e d  on  t h i s  
l i m i t e d  d a t a  i t  i s  c o n c l u d e d  t h a t  t h e  p r e d i c t e d  v a l u e s  u s i n g  b a r e  
s h e e t  p r o p e r t i e s  a r e  c o n s e r v a t i v e  and  c a n  b e  u s e d  f o r  d e s i g n .  
Compared t o  t h e  e x t r u s i o n  c u r v e s  i t  i s  s e e n  t h a t  two of 
t h e  t e s t  p o i n t s  l i e  w i t h i n  t h e  p r e d i c t e d  e n v e l o p e .  F o r  t h i s  
r e a s o n  i t  must  b e  c o n c l u d e d  t h a t  t h e  p r e d i c t e d  v a l u e s  u s i n g  t h e  
e x t r u s i o n  p r o p e r t i e s  a r e  n o n - c o n s e r v a t i v e ,  
A . 4 . 5 . 5  I n i t i a l  E c c e n t r i c i t y  
The p r e d i c t e d  f a i l i n g  s t r e s s  f o r  a  l o n g  column w i t h  a n  
i n t i i a l  e c c e n t r i c i t y  o f  0 . 1  i n c h ,  n o t e  T a b l e  A.lO, i s  a l s o  p l o t t e d  
i n  F i g u r e  A . 7 .  The f a i l i n g  s t r e s s  f o r  t h e  two l o n g  s p e c i m e n s  
(L = 7 5 " )  l i e  be tween  t h e  column c u r v e s  w i t h  z e r o  e c c e n t r i c i t y  
a n d  t h e  0 . 1  i n c h  e c c e n t r i c i t y ,  i n d i c a t i n g  i f  t h e  a n a l y s i s  i s  
c o r r e c t  t h a t  t h e r e  was some i n i t i a l  e c c e n t r i c i t y  a n d  t h a t  t h i s  
e c c e n t r i c i t y  was l e s s  t h a n  0 .1  i n c h .  
The  t r a n s v e r s e  d e f l e c t i o n  d a t a  ( T a b l e  A . 4 )  was t a k e n  
w i t h  t h e  o b j e c t i v e  of  d e t e r m i n i n g  t h e  i n i t i a l  e c c e n t r i c i t y  of  
t h e  l o n g  columns.  The d i s c u s s i o n  f o l l o w i n g  E q u a t i o n  1 3 ,  e x p l a i n s  
how t h i s  i s  done.  The d a t a  of  T a b l e  A.4 was u s e d  t o  g e n e r a t e  t h e  
t e s t  p o i n t s  i n  F i g u r e  A.8. I n  t h e  F i g u r e  t h e  Load,  P ,  i s  p l o t t e d  
a g a i n j t  t h e  l o a d ,  p, d i v i d e d  by t h e  measured t r a n s v e r s e  d e f l e c -  
t i o n  y .  A c c o r d i n g  t o  E q u a t i o n  1 3  t h e  t e s t  p o i n t s  s h o u l d  p l o t  
a s  a  s t r a i g h t  l i n e .  I n  t h e  c a s e  o f  spec imen  1 4  t h e  t e s t  p o i n t s  
d o  l i e  i n  a  s t r a i g h t  l i n e  and f o r  spec imen  1 5  t h e y  Go n o t .  The 
r e a s o n  f o r  t h i s  i s  t h o u g h t  t o  b e  a s  f o l l o w s .  The d e f l e c t i o n  y  
s h o u l d  be  t h e o r e t i c a l l y  t h e  d e f l e c t i o n  a s s o c i a t e d  w i t h  g e n e r a l  
i n s t a b i l i t y  of  t h e  column. I n  t h e s e  t e s t  s p e c i m e n s  t h e  t h i n  
f l a t  e l e m e n t  of t h e  f a c e  where  t h e  measurements  were  t a k e n  showed 
some w a v i n e s s  w\ ich  changed  a s  t h e  l o a d  was a p p l i e d .  The measured 
d e f l e c t i o n  t h e r e f o r e  c o n t a i n e d  c o n t r i b u t i o n s  f r o u  b o t h  l o c a l  
d e f l e c t i o n  a s  w e l l  a s  t h a t  d u e  t o  g e n e r a l  i n s t a b i l i t y .  T h e r e f o r e  
i t  i s  assumed t h a t  i f  t h e  d a t a  d o e s  n o t  p l o t  a s  a  s t r a i g h t  l i n e  
t h e n  l o c a l  d e f l e c t i o n s  were  p r e s e n t  and t h e  d a t a  c a n  n o t  b e  
a n a l y z e d  a c c o r d i n g  t o  E q u a t i o n  13.  
The p l o t  f o r  spec imen  1 4  i s  a  s t r a i g h t  l i n e  and can  b e  
c o n s i d e r e d  v a l i d .  The i n t e r c e p t  a t  t h e  o r d i n a t e  i s  1 0 , 4 7 0  l b s  
and i s  t h e  b u c k l ~ n g  l o a d .  T h i s  c o r r e s p o n d s  t o  a  b u c k l i n g  s t ress  
of  1 7 , 5 4 6  p s i  which i s  i n  good a g r e e m e n t  w i t h  t h e  c a l c u l a t e d  v a l u e  
of  18 ,031 ,  n o t e  T a b l e  A.8. The s l o p e  o f  t h e  c u r v e  i s  0.0252 i n c h ,  
which  i s  t h e  i n i t i a l  d e f l e c t i o n ,  yo. 
T h i s  i n i t i a l  d e f l e c t i o n  i s  c o n s i s t e n t  w i t h  t h e  t e s t  
p o i n t e  and  t h e  p r e d i c t e d  f a i l i n g  s t r e s s  w i t h  and w i t h o u t  i n i t i a l  
e c c e n t r i c i t y .  The method of a n a l y s i s  u s e d  t o  a c c o u n t  f o r  t h e  
i n i t i a l  e c c e n t r i c i t y  seems t o  y i e l d  r e a s o n a b l e  v a l u e s .  
It i s  e v i d e n t  t h a t  t h e  f a i l i n g  s t r e s s  f o r  t h i s  t y p e  of  
c r o s s  s e c t i o n  i s  s e n s i t i v e  t o  i n i t i a l  e c c e n t r i c i t y .  T h i s  f a c t o r  
must b e  t a k e n  i n t o  a c c o u n t  i n  d e s i g n  o f  s t r u c t u r e s  u s i n g  s i m i l a r  
t y p e s  of c r o s s  s e c t i o n .  
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A .4.6 C o n c l u s i o n s  
A.4.6.1 The t a n g e n t  modulua c a n  b e  u s e d  t o  p r e d i c t  b o t h  g e n e r a l  
and l o c a l  i n s t a b i l i t y .  
A.4.6.2 The c r i p p l i n g  s t r e s s  s h o u l d  b e  used  f o r  t h e  f a i l i n g  
s t r e s s  o f  s h o r t  columns.  
A.4.6.3 T h e r e  a p p e a r s  t o  b e  l i t t l e  i n t e r a c t i o n  be tween  g e n e r a l  
and l o c a l  i n s t a b i l i t y .  
A.4.6.4 The f a i l i n g  s t ress  of l o n g  columns i s  s e n s i t i v e  t o  i n i t i a l  
e c c e n t r i c i t y .  
A.4.6.5 E q u a t i o n  1 2  c a n  b e  used  t o  p r e d i c t  t h e  f a i l i n g  s t r e s s  
of l o n g  columns.  
A.4.7.1 S t r e s s - s t r a i n  c u r v e s  of t h e  m a t e r i a l  f rom which t h e  
s p e c i m e n s  were  f a b r i c a t e d  s h o u l d  b e  o b t a i n e d  i n  o r d e r  t o  c o r r e c t  
f o r  m a t e r i a l  p r o p e r t i e s .  
A.4.7.2 A d d i t i o n a l  s p e c i m e n s  be  t e s t e d  t o  e n s u r e  w i t h  g r e a t e r  
c o n f i d e n c e  t h a t  t h e  a b o v e  c o n c l u s i o n s  a r e  c o r r e c t .  
DYNAMIC RESPONSE AND DESIGN LOADS 
CONVERSION FACTORS FOR APPENDIX B 
1.0 lb/ft = 1.38 x 10-I kg/. 
1 1.0 lb/sq ft = 4 . 7 8 8  x 10 N/sq m 
1.0 lb/sec = 4 . 5 3 6  x 10-I kg/s 
1.0 mph = 4 . 4 7  x 10-I m/s 
B e  1 DYNAMIC RESPONSE 
Two o f  t h e  f l i g h t  c o n d i t i o n s  (1.1 a n d  2.1)  and  t h e  two 
l a n d i n g  c o n d i t i o n s  h a v e  b e e n  a n a l y z e d  as dynamic  c o n d i t i o n s  i n  
wh ich  t h e  r e s p o n s e  o f  t h e  s t r u c t u r a l  s y s t e m  h a s  b e e n  t a k e n  i n t o  
a c c o u n t  on  a s i m p l i f i e d  b a s i s  ( s e e  S e c t i o n  5 . 6  o f  Book I of  t h i s  
Volume o f  t h e  r e p o r t ) .  The  a n a l y s i s  h a s  b e e n  made on  t h e  b a s i s  
o f  a  3  m a s s ,  2  s p r i n g  s y s t e m  w i t h  no  damping .  "M " r e p r e s e n t s  
1 
t h e  mass  o f  t h e  h e l i c o p t e r s  i n c l u d i n g  c o n t e n t s  a n d  a f r a c t i o n  of  
t h e  o u t r i g g e r  w e i g h t s .  " M p n  r e p r e s e n t s  t h e  mass  o f  t h e  c e n t r a l  
p o r t i o n  o f  t h e  f r a m e  work'  i n c l u d i n g  p a y l o a d  i f  a n y .  "M,' r e p r e -  
s e n t s  t h e  mass  o f  t h e  e n v e l o p e  g r o u p ,  b a l l o n e t  a i r ,  h e l i u m  and  
a d d i t i o n a l  e f f e c t i v e  mass .  
The s p r i n g s  i n  t h e  s y s t e m  a r e  S w h i c h  works  b e t w e e n  
1 2  
M I  a n d  M 2  and  r e p r e s e n t s  t h e  e l a s t i c  d e f l e c t i o n  o f  t h e  o u t r i g g e r s  
and  s u p p o r t i n g  s t r u c t u r e  and  S  w h i c h  w o r k s  b e t w e e n  M and  M 
2 3 2 3 
and  r e p r e s e n t s  t h e  d e f l e c t i o n  o f  t h e  e n v e l o p e  and  s u s p e n s i o n  
s y s t e m .  The s p r i n g  c o n R t a n t s  h a v e  b e e n  e s t i m a t e d  a t  K = 
1 2  
1 2 5 , 0 0 0  l b s  p e r  f t  f o r  ( 4 )  o u t r i g g e r s  and  K = 75 ,000  l b s  p e r  
2 3 
f t .  
B . 1 . 1  Dynamic C o l l e c t i v e  P i t c h  
The f o r c i n g  f u n c t i o n  f o r  t h e  dynamic  c o l l e c t i v e  p i t c h  
c o n d i t i o n  was b a s e d  on f u l l  c o l l e c t i v e  p i t c h  s u p e r i m p o s e d  o n  t h e  
heavy  h o v e r  c o n d i t i o n .  A c c o r d i n g  t o  S i k o r s k y ,  t h e  maximum r o t o r  
l o a d  t h a t  c a n  b e  e x p e c t e d  i s  1 . 8  x  4 7 , 0 0 0  l b s  = 8 4 , 6 0 0  l b s  p e r  
r o t o r ,  a n d  t h i s  p e a k  c a n  b e  e x p e c t e d  a p p r o x i m a t e l y  o n e  s e c o n d  
a f t e r  t h e  c o l l e c t i v e  p i t c h  a p p l i c a t i o n  i s  s t a r t e d .  T h e s e  l o a d s  
a r e  t o  b e  s u p e r i m p o s e d  on a  s t a t i c  h e a v y  h o v e r  c o n d i t i o n  w i t h  t h e  
s t e a d y  s t a t e  l o a d  on e a c h  r o t o r  e q u a l  t o  4 5 , 2 0 0  l b s .  The dynamic  
l o a d  on f o u r  r o t o r s  t h e r e f o r e  p e a k s  a t  4  ( 8 4 , 6 0 0  - 4 5 , 2 0 0 )  = 
1 5 7 , 6 0 0  l b s .  T h i s  l o a d i n g  was r e p r e s e n t e d  b y  
w i t h  P = 630 ,400 ,  T  - 2.32  a n d  T = 2.32 
0 1 2 
The p e a k  l o a d  r e a c h e s  1 5 7 , 5 9 7  l b s  @ t = 1 . 6  s e c  w i t h  
a n  i n i t i a l  s l o p e  o f :  
O t h e r  c o n s t a n t s  u s e d :  
R e s u l t s  a r e  shown i n  F i g u r e  B . 1 .  
B.1.2 L a n d i n g  C o n d i t i o n s  
I n  t h e  f o u r  p o i n t  l a n d i n g  c o n d i t i o n  t h e  a i r s h i p  
a p p r o a c h e s  t h e  g r o u n d  a t  5 f t l s e c  w i t h  no  p a y l o a d  a n d  minimum 
f u e l .  R o t o r s  a r e  assumed t o  c a r r y  t h e  h e a v i n e s s  t h r o u g h o u t  t h e  
l a n d i n g .  Only  t h e  d y n a m i c s  r e s u l t i n g  f rom t h e  l a n d i n g  g e a r  l o a d s  
a r e  c o n s i d e r e d  s i n c e  t h e s e  dynamic  l o a d s  a r e  t o  b e  s u p e r i m p o s e d  
on  t h e  s t e a d y  s t a t e  l o a d s .  
P r e v i o u s  a n a l y t i c a l  and  e x p e r i m e n t a l  work w i t h  t h e  5 K  
and  3W a i r s h i p s  h a v e  shown t h e  n e c e s s i t y  f o r  a s p e c i a l  l a n d i n g  
g e a r  c h a r a c t e r i s t i c .  The m e t e r i n g  p i n  t y p e  g e a r  t y p i c a l  o f  a i r -  
p l a n e s  h a s  t h e  t e n d e n c y  t o  s t o p  t h e  d e s c e n t  o f  t h e  mask c l o s e s t  
t o  t h e  l a n d i n g  g e a r ,  t h e n  d i s s i p a t e  t h e  a v a i l a b l e  r e m a i n i n g  s t r o k e  
a t  low l o a d s  s o  t h a t  t h e  o l e o  a c t i o n  i s  n o t  a v a i l a b l e  t o  a b s o r b  
t h e  momentum o f  t h e  e n v e l o p e  w h i c h  makes i t s e l f  f e l t  l a t e r .  The 
s o l u t i o n  t o  t h i s  p r o b l e m  i s  t h e  " s p r i n g  l o a d e d  o r i f i c e " .  I n  t h i s  
g e a r  t h e  m e t e r i n g  p i n  i s  r e p l a c e d  by  a  s p r i n g  l o a d e d  o r i f i c e  
w h i c h  d o e s  n o t  a l l o w  t h e  o l e o  a c t i o n  t o  b e b i n  u n t i l  t h e  o r i f i c e  
s e t t i n g  i s  overcome.  The c h a r a c t e r i s t i c  o f  t h i s  g e a r  i n  s i m p l i f i e d  

fo rm i s  a s  f o l l o w s .  L e t  Pmax = l o a d  r e q u i r e d  t o  o p e n  t h e  I 
o r i f i c e .  When P  C Pmax a c t i o n  i s  c o n c e n t r a t e d  i n  t i r e  d e f l e -  i 
When P  = Pmax t h e  o l e o  s l i p s  ( c l o s e s )  a t  a  r a t e  c o m p a t i b l e  t 
w i t h  t h e  c l o s u r e  r a t e  b e t w e e n  t h e  g r o u n d  a n d  t h e  h e l i c o p t e r  m a s s  r 
When t h e  c l o a u r e  r a t e  becomes z e r o  and  t h e n  n t g a t l v e  1 
t h e  o l e o  s t r o k e  r e m a i n s  c o n s t a n t  and  t h e  a c t i o n  i s  a g a i n  con-  
, 
c e n t r a t e d  i n  t h e  t i r e .  The t i r e  d e f l e c t i o n  d e c r e a s e s  a n d  t h e  
l o a d  d e c r e a s e s .  When t h e  t i r e  d e f l e c t i o n  r e a c h e s  z e r o  t h e  l o a d  
a l s o  r e a c h e s  z e r o  a n d  t h e  t i r e  may a c t u a l l y  b o u n c e  c l e a r  o f f  t h e  
g round  m o m e n t a r i l y .  
Fo r  t h e  l a n d i n g  c o n d i t i o n s  t h i s  b e h a v i o r  was programmed 
i n t o  t h e  compu te r  w i t h  t h e  f o l l o w i n g  C o n s t a n t s .  
'max 
.; h e l i c o p t e r s )  = 1 2 0 , 0 0 0  l b s  
S i n k i n g  Speed  5 . 0  f t / s e c  
The r e s u l t s  a r e  shown i n  F i g u r e  B.2. 
I n  t h e  two w h e e l  l a n d i n g  c o n d i t i o n  i t  i s  assumed t h a t  i 
d i a g o n a l l y  o p p o s i t e  h e l i c o p t e r s  c o n t a c t  t h e  g r o u n d  w i t h  t h e  
o t h e r  two h e l i c o p t e r s  d a n g l i n g  d u e  t o  a d v e r s e  t e r r a i n .  The 

s i n k i n g  s p e e d  was r e d u c e d  t o  4 f t / s e c .  Even w i t h  t h e  r e d u d e d  
o i n k i n g  s p e e d  t h e  s t r o k e  of  t h e  l a n d i n g  g e a r s  was  e x c e e d e d ,  s o  
a  s i n k i n g  s p e e d  of  l e s s  t h a n  4 f t l s e c  would a c t u a l l y  b e  t h e  
l i m i t  f o r  t h i s  c o n d i t i o n .  N e v e r t h e l e s s ,  t h e  l a o d s  r e s u l t i n g  
f rom t h i s  c a l c u l a t i o n  w e r e  a c t u a l l y  u s e d  i n  t h e  d e s i g n  s i n c e  t h e  
p u r p o s e  o f  i m p o s i n d  t h i s  c o n d i t i o n  was t o  p r o d u c e  n e g a t i v e  
L 
d e s i g n  l o a d s  i n  members wh ich  t e n d e d  t o  s e e  o n l y  t e n s i o n  i n  t h e  
o t h e r  s i x  l o a d i n g  c o n d i t i o n s .  
I n  t h i s  c o n d i t i o n ,  t h e  dynamic  r e s p o n s e  was s i m p l i f i e d  
t o  a  ~ n r e e  mass s y s t e m  by p l a c i n g  t h e  mass  o f  t h e  d a n g l i n g  e h l i -  
c o p t e r s  i n  M . The d y n a m i c s  w e r e  e v a l u a t e d  w i t h  t h e  f o l l o w i n g  
2 
c o n s t a n t s  (maximum f u e l  c o n d i t i o n )  
The r e s u l t s  a r e  shown i n  F i g u r e  B.3. 
B.2  TABULATION OF DESIGN ,LOADS 
The l o a d s  a p p l i e d  t o  t h e  f r amework  i n  t h e  : even  l o a d i n g  
c o n f i g u r a t i o n s  a r e  shown i n  T a b l e s  B . 1  t h r u  B.7 and  were  d e r i v e d  
as  f o l l o w o :  
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C o n d i t i o n  1.1 - Dynamic C o l l e c t i v e  P i t c h  
I n  t h i s  c o n d i t i o n  t h e  dynamic  l o a d s  o f  F i g u r e  B . l  a r e  
s u p e r i m p o s e d  on  a s t a t i c  h e a v y  h o v e r  c o n d i t i o n .  
Main r o t o r  l o a d s  a r e  a p p l i e d  v e r t i c a l l y  e x c e p t  t h a t  e a c h  
r o t o r  i s  t i l t e d  f o r e  o r  a f t  s u c h  t h a t  t h e  t o r q u e  o f  t h e  f o u r  
r o t o r s  i s  b a l a n c e d  by t h e  h e l i c o t p e r  s y s t e m  a n d  v e r t i c a l  l o a d  
o n l y  i s  t r a n s m i t t e d  t o  t h e  e n v e l o p e .  The r o t o r  t o r q u e  i s  b a s e d  
o n  6000  HP a n d  204 rpm a t  e a c h  r o t o r .  
Maximum ~ y h a m i c  O u t r i g g e r  Load 
S t a t i c  R o t o r  Load 
S t a t i c  Mounted Weigh t  
Net O u t r i g g e r  Load 
I 
4 0 , 6 2 5  ~ b  e a  
4 5 , 2 0 0  
2 4 , 7 0 0  
6 1 , 1 2 5  l b s  
T h i s  c o n d i t i o n  o c c u r s  a t  t = 1 . 2 8  s e c  i n  t h e  dynamic  
r e s p o n s e  when t h e  a c c e l e r a t i o n  of  M i s  8 . 9 3  f t / s e c 2  (0 .277  g ' s ) .  
2 
The m a s s e s  o f  t h e  f r amework  a n d  p a y l o a d  a r e  s u b j e c t e d  t o  a  l o a d  
f a c t o r  o f  1 .277 .  
T h i s  c o n d i t i o n  i s  c h o s e n  a t  t h e  p o i n t  w h e r e  t h e  o u t -  
r i g g e r  l o a d s  a r e  a  maximum. The dynamic  l o a d  o n  t h e  s u s p e n s i o n  
s y s t e m  a t  t h i s  p o i n t  i s  1 1 2 , 0 2 2  l b  c o m p r e s s i o n .  
T h i s  dynamic  s u s p e n s i o n  l o a d  i s  s u p e r i m p o s e d  t o  a  s t a t i c  
t e n s i o n  l o a d  o f  1 0 0 , 0 0 0  l b  and  r e s u l t s  i n  t h e  1 2 , 0 2 2  l o a d  a p p l i e d  
t o  t h e  e n v e l o p e .  The h e l i c o p t e r  f r a m e  s y s t e m  i s  a c t u a l l y  p u s h i n g  
up  on  t h e  e n v e l o p e  by t h i s  amount .  
T h e s e  l o a d s  a r e  d i s p l a y e d  i n  T a b l e  B-1. 
C o n d i t i o n  2 . 1  - One E n g i n e  Out  
T h e s e  l o a d s  a r e  p o s t u l a t e d  f rom t h e  r e s u l t s  o f  Cond i -  
t i o n  1.1 b u t  w i t h  t h e  s t a t i c  c o n d i t i o n  r e p r e s e n t e d  by 3 8 , 0 0 0  l b  
on  t h e  h e l i c o p t e r  w i t h  o n e  e n g i n e  o u t  and  i t s  d i a g o n a l l y  o p p o s i t e  
T A B L E  B . 1 .  Heavy L i f t  V e h i c l e  L i m i t  Load C o n d i t i o n s  
Loading C o n d i t i o n  1 . 1  Dynamic C o l l e c t i v e  - Minimum F u e l  
I O U T R I G G E R  L O A D S  
I O T H E R  JOINT L O A D S  LOADS TO ENVELOPE I 
m a t e  t h r o t t l e d  t o  a n  e q u a l  l o a d .  The o t h e r  h e l i c o p t e r s  a r e  
p u l l i n g  5 2 , 4 0 0  l b  e a c h  when d y n a m i c  c o l l e c t i v e  p i t c h  i s  a p p l i e d .  
The dynamic  r o t o r  t h r u s t  i s  a s sumed  t o  b e :  
o n  t h e  h e l i c o p t e r s  w i t h  good e n g i n e s  and  
o n  t h e  p a i r  l i m i t e d  by a  d e a d  e n g i n e .  
T h e s e  l o a d s  a r e  s u p e r i m p o s e d  o n  t h e  s t a t i c  c o n d i t i o n  
w i t h  t h e  r o t o r  t o r q u e  c u t  i n  h a l f  on t h e  d e a d  e n g i n e  p a i r  and  a  
l o a d  f a c t o r  of  1 . 2 0  o n  M . The r e s u l t s  a r e  as  shown i n  T a b l e  B.2. 
2 
C o n d i t i o n  3 .1  - C r o s s  Wind Hover  
- 
T h i s  c o n d i t i o n  was o r i g i n a l l y  s t r u c t u r e d  t o  b e  a  h e a v y  
h o v e r  c o n d i t i o n  i n  a  3 0  k n o t  c r o s s  wind .  The g i d e  l o a d  a p p l i e d  
t o  t h e  e n v e l o p e  i s  3 0 , 0 0 0  l b s .  
S u b s e q u e n t  t o  t h i s  a n a l y s i s ,  wind  t u n n e l  d a t a  became 
a v a i l a b l e  ( s e e  Book 111 of  t h i s  Volume of  t h e  r e p o r t )  t h a t  would 
i n d i c a t e  t h a t  a  3 0  k n o t  c r o s s  wind  may p r o d u c e  a  s i d e  l o a d  g r e a t l y  
i n  e x c e s s  o f  3 0 , 0 0 0  l b s .  Thus  t h i s  c o n d i t i o n  r e p r e s e n t s  a  c r o s s  
wind  l o a d i n g  o f  3 0 , 0 0 0  l b s  w h i c h  c o r r e s p o n d s  more c l o s e l y  t o  a  
2 0  k n o t  c r o s s  wind  c o n d i t i o n  t h a n  t h e  o r i g i n a l  30 k n o t  c o n d i t i o n .  
L o a d s  a r e  d e r i v e d  t c  r e s i s t  a  3 0 , 0 0 0  l b  f o r c e  a t  t h e  
c e n t e r  o f  t h e  e n v e l o p e  s u p e r i m p o s e d  on a 1 g  heavy  h o v e r  c o n d i -  
t i o n .  
R e s u l t s  a r e  d i s p l a y e d  i n  T a b l e  B.3. 
TABLE B.2 l Heavy L i f t  V e h i c l e  L i m i t  Load C o n d i t i o n s  
Loading Condi t ion  2 . 1  One Engine Out Dynamic c o l l e c t i v e  
I I O T H E R  JOINT LOADS I LOADS TO ENVELOPE 1 
- 
OUTRIGGER LOADS 
LF 
X~ = -1362 .5  
Y~ t 0  
Z~ = 59900  
'XH P 0  
- 
- 0  
'YH 6  M Z H  = -1 .853  x 1 0  
XH = - 1 3 6 2 . 5  
Y~ = 0  
Z H  = 3 6 6 5 1  
Z 
- 5 4 9 1  
- 5 4 9 1  
- 5 4 9 1  
- 5 4 9 1  
0  
O 
- 98218  
-98218  
t 
JOINT 
R F  
= 1 3 6 2 , 5  
P 0  Y~ 
z~ = 3 6 6 5 1  
0 0  M~~ 
- 
'YH - 0  
M Z H  = - 0 . 9 2 6 5  x 1 0  6 
X H  = 1 3 6 2 . 5  
- 
Y~ - 0  
Z~ = 59900  
X = 0  
Ely e 0  
'1' = 0  
Mx e 0  
Z = -25298 
P 0 M~ 
W 
4576 
4576 
4576 
4576 
0 
0  
8 1 8 4 8  
8 1 8 4 8  
1 
2  
3  
4 
1 3  
1 4  
1 6  
1 7  
> 
LF2 
LA2 
RF2 
RA2 
L 2  
R2 
F1  
A1 
M~~ o 
- 
M~~ - 0  
- 0  - M~~ - 1 'YH - 0  6  
'ZH = - 0 g 9 2 6 5  'lo MzH = - 1 . 8 5 3  x 1 0  6  
7 
X 
0  
0  
0  
0  
0  
0  
0 
0  
LA 
Y 
0 
0 
0  
0  
0 
0  
0  
0  
R A  
- 
TABLE B.3'  Heavy L i f t  V e h i c l e  L i m i t  Load C o n d i t i o n s  
Loading C o n d i t i o n :  3 . 1  Heavy Hover - Cross  Wind ( 3 0 , 0 0 0 1 )  
I - O U T R l C C E R  LOADS I 
OTHER JOINT LOADS 
JOINT 
LOADS TO ENVELOPE 
C o n d i t i o n  4 . 1  - Maximum Yawing E f f o r t  
The h e l i c o p t e r s / r o t o r s  a r e  s u b j e c t e d  t o  d i f f e r e n t i a l  
f o r e  a n d  a f t  t i l t  o f  a p p r o x i m a t e l y  2 5 O  w i t h  p u s h e r  r o t o r s  a l s o  
i n  t h e  maximum d i f f e r e n t i a l  c o n f i g u r a t i o n  s o  t h a t  maximum yawing  
moment i s  c r e a t e d .  The l o a d s  a r e  a p p l i e d  i n  t h e  d i r e c t i o n  w h i c h  
a d d s  t o  t h e  ma in  r o t o r  t o r q u e .  A t o t a l  yawing  moment o f  
56 .046  x  l o 6  i n c h  l b s  r e s u l t s .  T h i s  l o a d  i s  t r a n s m i t t e d  t o  t h e  
e n v e l o p e  i n  i t s  e n t i r e t y  a n d  s u p e r i m p o s e d  on  t h e  h e a v y  1 g  h o v e r  
c o n d i t i o n .  R e s u l t s  a r e  d i s p l a y e d  i n  T a b l e  B.4. 
C o n d i t i o n  5.: - 4  P o i n t  L a n d i n g  
T h i s  c o n d i t i o n  o c c u r s  w i t h  a s i n k i n g  s p e e d  of  5  f t / s e c ,  
no  p a y l o a d ,  and  minimum f u e l .  S t a t i c  h e a v i n e s s  i s  2 5 , 3 7 6  l b .  
The r o t o r s  a r e  assumed t o  c a r r y  t h e  h e a v i n e s s  t h r o u g h o u t  t h e  
l a n d i n g .  
Maximum dynamic  o u t r i g g e r  l o a d  o c c u r s  a t  t = 0.66  s e c  
and  i s  1 0 8 , 4 0 0  l b s  f o r  4  o u t r i g g e r s .  
The a c c e l e r a t i o n  o f  M a t  t h i s  p o i n t  i s  a p p r o x i m a t e l y  
2 
1 g.  The dynamic  l o a d  f rom t h e  a b o v e  i s  s u p e r i m p o s e d  on  t h e  
s t a t i c  c o n d i t i o n  t o  p r o v i d e  a  n e t  up l o a d  o f :  
on  e a c h  o u t r i g g e r .  A l o a d  t a c t o r  of 2 i s  a p p l i e d  t o  M . * r i c h  
2 
p r o d u c e s  a  n e t  up l o a d  oa t h e  s u s p e n s i o n  s y s t e m  o f  1 7 , 7 7 6  l b s .  
S e e  T a b l e  B.5 f o r  r e s a l t s .  
C o n d i t i o n  6.2 - 2 P o i n t  L a n d i n g  
The d y n a m i c s  of  t h i s  c o n d i t i o n  p r o d u c e  a  c r i t i c a l  
c o n d i t i o n  a t  t = 1 . 0 2  s e c .  
1 
TABLE B.4 Heavy L i f t  V e h i c l e  L i m i t  Load C o n d i t i o n s  
Loading Condi t ion  4 . 1  Maximum Yawing E f f o r t  
- 
OUTRIGGER LOADS 
I OTHER J O I N T  LOADS 1 LOADS TO ENVELOPE 
TABLE B .  5 .  Heavy L i f t  Vehicle L L m i t  Load C o n d i t i o n s  
Loading C o n d i t i o n  5 . 1  4  P o i n t  Landing - Minimum F u e l  
Y~ 
I 0 
z~ 
= 8 6 4 4  
M~~ * 
0 
- 
M~~ - 
0 
M~~ 
P Neg.  
O T H E R  JOINT LOADS 
X~ 
= 0 
Y~ 
= 0 
Z H  = 8 6 4 4  
M~~ = 0 
- 
M~~ - 0 
Neg. M~~ = 
RA 
J O I N T  
1 
2  
3 
4  
L 3 
L 4 
L 6  
1 7  
LF2 
LA2 
RF2 
R A  2  
L 2  
R2 
F 1  
A 1  
TABLE B. 6 Heavy L i f t  V e h i c l e  L i m i t  Load C o n d i t i o n s  
L o a d i n g  C o n d i t i o n  6 . 2  2-Wheel L a n d i n g  ( D i a g o n a l )  
Maximum F u e l  
7-OUTRIGGER LOADS I 
M~~ 
0 
H 
I 0 
OTHER JOINT LOADS LOADS TO ENVELOPE 
M~~ 
I 
'YH = 
= 
X~ 
t 
Y~ 
Z H  = - 3 3 , 9 5 2  
= 
'XH 
t 
M~~ 
%H 
= 
= Neg. I M~~ n *ZH 
X~ 
= 0 
Y~ 
P 0 
z~ = 2 0 , 8 9 9  
- 
' M~~ - 
0 
'YH 
= 0 
M~~ = 
Neg. 
J O I N T  
1 
2 
3 
4  
1 3  
14 
1 6  
17  
i 
LF2 
L A 2  
RF2 
RA2 
L2 
R2 
F1 
A 1  
- 
when t h e  s t a t i c  1 g  l o a d s  a r e  a d d e d  t h e  l o a d  f a c t o r  o n  M b e c o m e s  
2 
T h e  l o a d  f a c t o r  o n  t h e  d a n g l i n g  h e l i c o p t e r s  w a s  
a r b i t r a r i l y  i n c r e a s e d  t o  1 . 5 0  w i t h  a  c o m p e n s a t i n g  r e d u c t i o n  o f  
t h e  l o a d  f a c t o r  o n  t h e  r e m a i n i n g  w e i g h t s  i n  M t o  n  = 1 . 1 4 3 4 .  
2 
The  r e s u l t i n g  l o a d s  a r e :  
o n  t h e  w h e e l  l o a d e d  h e l i c o p t e r s  a n d  
o n  t h e  d a n g l i n g  h e l i c o p t e r  p o i n t s .  O t h e r  l o a d s  a r e  a s  shown i n  
T a b l e  B . 6 .  
C o n d i t i o n  7 . 1  - C e n t e r  P o i n t  M o o r i n g  - 6 5  mph 
E n v e l o p e  s i d e  l o a d  1 1 0 , 0 0 0  l b s  
( S e e  F i g u r e  B . 4 )  
t 1 0 0 , 0 0 0  LBNet Enve lope  L i f t  
2 H e l i  
49,400LB 
a r a m e  6 C o n t e n t s  
2 H e l i  
4 9 , 4 0 0  L B  
Anchor 
P o i n t  
F i g u r e  8 . 4  CenLer P o i n t  Mooring S y s t e m  Loads 
: 
3 Anchor p o i n t  a t  X - 0, Y 0 ,  Z - 0,  load  i s  
. 
i Y 110,000,  2 = -58,490.  
Thie  l o a d  i s  c a r r i e d  t o  t h e  f rame by c a b l e s  t o  end  
p o i n t s  of k e e l  and t o  elbows of o u t r i g g e r s  
P o i n t  X Y Z L X / L  Y/L Z / L 
RF Elbow 535,384 -576 64 788.99 ,67857 -.73005 ,08112 
RA Elbow -535,384 -576 64 788.99 -.67857 - ,73005 ,08112 
F1 240 0  150 283.02 ,84800 0  .53000 
A 1  -240 0  150  283.02 -.84800 0 ,53000 
Cable  l o a d s  t o  Elbows 
Cable  l o a d s  t o  Keel 
The c a b l e  l oad  a t  t h e  elbow i s  c a r r i e d  up t o  t h e  s t a r  f r ame  
th rough  members 
a )  RFl-R2 d r a g  s t r u t  
b )  RF1-RF2 l i f t  strut 
c )  RF1-F1 arm 
P r o j e c t i o n s  C o s i n e s  
Geometry  X Y Z L cx CY c z  
C a b l e  l o a d  c o m p o n e n t s  on  RF1 
COMPONENTS O N  ELBOW 
X Y 2 
*Pa [Drag  S t r u t ]  = - 2 8 , 4 0 7  + 25561  - 5156 - 11268  
Pb [ L i f t  S t r u t ]  - + 2 9 , 9 5 7  - 6252 + 1 2 1 9 1  + 26640 
*These  member l o a d s  r e q u i r e d  t o  h a n d l e  t h e  c a b l e  l o a d  a t  t h e  e lbow 
a r e  n o t  o t h e r w i s e  a c c o u n t e d  f o r  i n  t h e  a n a l y s i s  and  mus t  b e  added  
[ o n  t h e  r i g h t  s i d e  o n l y ]  t o  t h .  l o a d s  f a l l i n g  u u t  of  t h e  m e c h a n -  
i z e d  a n a l y s i s .  
B-21 
T o t a l  j o i n t  l o a d s  [ c a b l e  l o r d s  p l u s  w e i g h t ]  l o r d s  on a f f e c t e d  
j o i n t s .  
J o i n t  F1 [ K e e l  Fwd End] X Y Z 
D i r e c t  C a b l e  Load - 37 ,014  0  - 23 ,134  
A r m  Load - 3 1 , 8 1 3  6 2 , 0 3 5  + 9 , 2 6 2  
W t .  Load 0  0 - 3 ,936  
- 68 ,827  62 ,035  - 1 7 , 8 0 8  
J o i n t  RF2 
L i f t  S t r u t  
Y t ,  
J o i n t  R 2  
Two Drag  S t r u t s  
W t .  
T h e s e  l o a d s  r e s u l t  f rom a r e - c r e b t i o n  of  t h e  o r i g i c a l  work a n d  
v a r y  s l i g h t l y  f r o n  t h e  l o a d s  t a b u l a t e d  i n  T a b l e  B.7. 
TABLE B .  7, Heavy L i f t  V e h i c l e  L i m i t  Load C o n d i t i o n s  
Loading Condi t ion  7.1 Center  P o i n t  Mooring - Minimum Fuel 
65 mph Wind Broads ide  
OUTRIGGER LOADS 
LF I RF 
. I 
X~ 0 
Y~ 
5 0 
ZH =-24,700 
X~ 
I 0 
- 
Y~ - 0 
ZH = 17,035 
, 
M~~ 
t 0 - t M~~ o 
- 3 I !I M~~ 
P 0 
%H I 0 M~~ = 0 
',A R A  
OTHER JOINT LOADS 
Z 
-4576 
-4576 
-31213 
-31213 
0 
22514 
-17810 
-17810 
B 
LOADS TO ENVELOPE 
x = 0 
- 
- 
0 
y = 110,000 
= -93.654 x 10 6 
X 
z =-100,000 
MZ = 0 
W 
4576 
7 
X 
0 
I 
JOINT Y 
0 1 LF2 
2 
3 
4 
13 
14 
16 
17 
LA2 
RF2 
RA2 
L2 
R 2  
F1 
A1 
0 
-12190 
-12190 
4576 1 0 
4576 
4576 
6251 
-6251 
0 
0 
3936 
3936 
i 0 0 
0 
-68830 
68830 
10303 
62035 
62035 
A P P E N D I X  C 
D F T A I L S  OF S T A R  FRAME DESIGN 
1.0 ft 
1.0 psi  
C O N V E R S I O N  F A C T O R S  F O R  A P P E N D I X  C  
C . l  GENERAL 
T h i s  Appendix  r e p o r t s  d e t a i l s  o f  t h e  a n a l y s i s  s u p p o r t -  
i n g  t h e  S t a r f r a m e  d e s i g n  ( s e e  S e c t i o n  5.7 o f  Book I o f  t h i s  
V o l u a e  o f  t h e  R e p o r t ) .  
C.2 SUSPENSION LOADS O N  FRAME 
The framework o f  t h e  h e a v y  l i f t e r  i s  a t t a c h e d  t o  t h e  
e n v e l o p e  by a  m u l t i t u d e  of  c a b l e s .  Twenty  c a b l e s  a t t a c h  t o  t h e  
i n t e r n a l  s u s p e n s i o n  c u r t a i n s  and  40  c a b l e s  t o  t h e  e x t e r n a l  
c u r  t a i r ~ s .  
A s  a  m a t t e r  of c o n v e n i e n c e ,  t h e  r e a c t i o n s  on t h e  f r a m e  
w e r e  computed f r o m  a  s i m p l e  e l a s t i c  mode l  of  t h e  a r r a n g e m e n t .  
Both  t h e  f ramework  and  t h e  e n v e l o p e  a r e  t a k e n  a s  r i g i d  b o d i e s  w i t h  
s i x  d e g r e e s  of  f r e e d o m  i n  t h e  r e l a t i v e  m o t i o n  b e t w e e n  t h e  b o d i e s .  
Each c a b l e  i n  t h e  s y s t e m  i s  r e p l a c e d ,  ( m a t h e m a t i c a l l y )  by a  
l i n e a r  s p r i n g .  Each c a b l e  a t t a c h e s  t o  t h e  f r amework  ( c a r )  a t  
X c ,  Y c ,  Z c  a n d  t o  t h e  e n v e l o p e  a t  X e *  Y e ,  Z e -  
The p r o j e c t i o n  of  e a c h  c a b l e  o n  t h e  3 r e f e r e n c e  a x e s  
a r e  t a k e n  a s :  
The l e n g t h  o f  t h e  c a b l e  i s :  
and  t h e  d i r e c t i o n  C o s i n e s :  
F o r  m o t i o n s  o f  t h e  c a r  r e l a t i v e  t o  t h e  e n v e l o p e  
I n  s i x  d e g r e e s  o f  f r e e d o m  w i t h  t h e  r o t a t i o n s  t a k e n  a b o u t  
t h e  r e f e r e n c e  a x e s  u s i n g  t h e  r i g h t  hand  r u l e ,  X p o s i t i v e  Fwd, Y 
p o s i t i v e  t o  l e f t ,  and  Z p o s i t i v e  up:  
The c a b l e  l o a d  r e s u l t i n g  f r o m  t h e  s i x  componen t s  o f  r e l a -  
t i v e  m o t i o n :  
w i t h  t h r e e  c o w p o n e n t s :  
Combining these equations, taking moments about the 
reference axes and taking the summation over all the cables 
results in the following set of equations in Table C.1 relating 
the six components of force at the origin to the six components 
of relative deflection. 
These equations are general in that no symmetry has been 
assumed in the derivation. For the case of the heavy lifter 
design being considered, double symmetry exists and most of the 
cross product terms are zero. Exceptions are X, B y  and Y, O X  
terms . 
The frame analysis integrated computer program solves 
the above set of equations for the input geometry and springs 
constants to produce deflections as a function &sf forces X, Y, 
Z, MX, My and MZ, computes cable loads and components and 
accumulates components at each suspension joint on the frame 
for subsequent use in the frame member analyses. 
Table C.2 is the set of cable geometries and spring con- 
stants used in the analysis and the resulting matrix representing 
the above set of general equations and its inverse. 
OR1C;THA.L PAGE IS 
OF. POOR Q U ~ Y  
T
a
bl
e 
c
.2
 
S
U
S
P
E
N
S
I
O
N
 C
A
B
L
E
 G
E
O
M
E
T
R
Y
 
& 
S
T
I
F
F
N
E
S
S
 
I 
XC
 
-Y 
r
 
'
Z
C
-
 -
-
 
-
-
 -
 
XE
 
K 
.
 
.
 
-
-
 
'z
E 
.
.
.
-
.
 
-
.
-
-
 
-
-
-
 
-
 
--- 
.
 
-
 
-
 
-
 -
 
-
 
-
 
-
 .
 -
 
.
 
-
 .
-
 
-
 
.
 
.
 .
 
-
 
.
 -
 
.
 .
 
.
 
-
-
 
.
 
-
.
 
ORIGINAL PAGE IS 
OF POOR QUALITM 
C.3 JOINT LOADS O N  FRAME FROM OUTRIGGERS 
The  o u t r i g g e r  g e o m e t r y  i s  shown i n  F i g u r e  C.l a n d  
f u r t h e r  d e f i n e d  i n  t h e  f o l l o w i n g .  E q u a t i o n s  a r e  w r i t t e n  f o r  t h e  
L e f t  F r o n t  O u t r i g g e r  a n d  e x t e n d e d  t o  t h e  o t h e r  t h r e e  o u t r i g g e r s  
by c o n s i d e r a t i o n s  o f  s y m m e t r y .  
T h e  o u t r i g g e r  a t t a c h e s  t o  t h e  s t a r f r a m e  a t  j o i n t s  LF2, 
F 1  a n d  L2 w h i c h  h a v e  b e e n  r e - d e s i g n a t e d  a s  D ,  E  a n d  F ,  r e s p e c t i v e l y  
f o r  t h i s  a n a l y s i s .  L o a d s  a r e  a p p l i e d  a t  t h e  h e l i c o p t e r  g i m b a l  
( p o i n t  H) .  J o i n t s  D ,  E  a n d  F a r e  a s s u m e d  t o  p r o v i d e  r e s i s t a n c e  f o r  
3  c o m p o n e n t s  o f  f o r c e  b u t  no  moments .  T h e  d r a g  s t r u t  i s  p i n  e n d e d  
a t  b o t h  e n d s  b u t  t h e  l i f t  s t r u t  i s  p i n n e d  a t  t h e  e l b o w  j o i n t  w i t h  
t h e  p i n  a x i s  p a r a l l e l  t o  t h e  "X" a x i s  o f  t h e  r e f e r e n c e  s y s t e m .  
T h e s e  f e a t u r e s  make t h e  o u t r i g g e r  r e a c t i o n s  s t a t i c a l l y  d e t e r m i n a t e .  
G e o m e t r y  
J o i n t  
-
X Y z 
H ( G i m b a l )  6 7 2  1 0 2 0  1 2 5  
LF1 ( E l b o w )  5 3 5 . 3 8 4  5 7  6 64 
D (LF2)  4 8 0  4 6 8  3  0  0  
E  ( F 1 )  2 4 0  0  1 5 0  
F ( L 2 )  0  468  300  
S i x  e q u i l i b r i u m  e q u a t i o n s  a n d  t h r e e  g e o m e t r i c  c o n s t r a i n t s  
a r e  a v a i l a b l e  t o  d e t e r m i n e  t h e  t h r e e  c o m p o n e n t s  of r e a c t i o n  a t  
p o i n t s  D ,  E ,  a n d  F. N o t e :  The s i g n  c o n v e n t i o n  on t h e s e  f o r c e s  
i s  t a k e n  s o  t h a t  no  r e v e r s a l  of s i g n  i s  n e c e s s a r y  when a p p l y i n g  
t h e s e  l o a d s  t o  t h e  s t a r f r a m e  j o i n t s .  
LIFT 
M y H  
-+ - 
I 
PLAN 
-
Y~ 
-- -.- 
ELEVATION 
F i g u r e  C - 1  OUTRIGGER GEOMETRY (SEE TABULATED COORDINATES) 
Taking moments about  D F  
From requ irement  t h a t  r e a c t i o n s  a t  F have  a  r e s u l t a n t  which p a s s e s  
through t h e  elbow p o i n t  
Taking moments about t h e  X axis through t h e  e l b o r  [ l i f t  s t r u t ]  
Z F X  = 0, CFy = 0, CFZ = 0 O u t r i g g e r  Free  Body 
Taking moments about  t h e  Y a x i s  through t h e  g i m b a l :  
Taking moments about  t h e  Z a x i s  through t h e  g imbal  
T h e s e  n i n e  e q u a t i o n s  a r e  s o l v e d  u j  a  s u b r o u t i n e  o f  t h e  i n t e g r a t e d  
c o m p u t e r  p r o g r a m  by  m a t r i x  m a n i p u l a t i o n  f o r  t h e  n i n e  c o m p o n e n t s  
o f  r e a c t i o n  a t  t h e  s t a r f r a m e  j o i n t s  f o r  e a c h  o f  t h e  f o u r  o u t -  
r i g g e r s .  F o r  t h e  l e f t  f r o n t  o u t r i g g e r  t h e  s i g n s  o f  t h e  r e a c t i o n s  
a r e  a  d i r e c t  r e s u l t  of t h k  e q u a t i o n s .  F o r  t h e  o t h e r  3 o u t r i g g e r s  
t h e  j o i n t s  D ,  E ,  F a r e  i n t e r p r e t e d  t o  b e  t h e  a p p r o p r i a t e  j o i n t s  
i n  t h e  f r a m e  f r o m  c o n s i d e r a t i o n s  o f  s y m m e t r y .  The s i g n s  o f  t h e  
r e a c t i o n s  a s  r e l a t e d  t o  t h e  L e f t  F r o n t  s o l u t i o n  i s  ta.:en f r o m  t h e  
f o l l o w i n g  t a b l e  w h e r e  t h e  L a y o u t  i n  e a c h  b l o c k  o f  4 i s  a s  f o l l o w s :  
R i g h t  
R i g h t  
R e a r  R e a r  
P o s i t i v e  s i g n s  i n  t h i s  d i s p l a y  mean t h a t  t h e  s i g n  i s  t h e  same  a s  
t h e  l e f t  f r o n t  s o l u t i o n .  N e g a t i v e  s i g n s  mean t h e  s i g n  o f  t h e  
r e a c t i o n  i s  o p p o s i t e  t h a t  f o r  t h e  l e f t  f r o n t  s o l u t i o n .  
REACTIONS 
I 
X l y l z  I 
FRAME MEMBER LOAD ANALYSIS 
The l o a d s  i n  t h e  members o f  t h e  s t a r f r a m e  a r e  e v a l u a t e d  
by t h e  method o f  j o i n t s  u t i l i z i n g  j o i n t  l a a d s  c o m p i l e d  from 
t h r e e  s o u r r e s :  
1) The t a b u l a t i o n  of  " o t h e r  j o i n t  l o a d s "  from T a b l e s  B . 1  
t h r o v g h  B .  7 .  
2 )  j o i n t  l ~ a d s  on  t h e  s t a r f r a m e  r e s u l t i n g  from l o a d s  
a p p l i e d  a t  t h e  h e l i c o p t e r  g i . . b a l s  ( S e c t i o n  C. 3 ) .  
3)  J o i n t  l o a d s  r e p r e s e n t i n g  t h e  s u s p e n s i o n  s y s t e m  
r e a c t i o n  ( S e c t i o n  C.2). 
J o i n t  l o a d s  X ,  Y ,  Z a r e  p o s i t i v e  f o r w a r d ,  t o  t h e  l e f t  
and  up .  Frame members a r e  i d e n t i f i e 6  i n  F i g u r e  C.2. The g e o m e t r y  
o f  h* f r a m e  i s  d e s c r i b e d  by t h e  X ,  Y ,  Z c o o r d i n a t e s  o f  t h e  j o i n t s  
( T a b l e  C.3)  w h e r e  t h e  o r i g i n  o f  t h e  c o o r d i n a t e  s y s t e m  i s  i n  t h e  
g r o u n d  p l a n  a t  t h e  g e o m e t r i c  c e n t e r  o f  t h e  p l a n  f o r m .  C o o r d i n a t e s  
a r e  a l s o  p c s i t i v e  f o r w a r d ,  t o  t h e  l e f t  a n d  up f r o m  t h e  o r i g i n .  
D i r e c t i , n  c o s i n e s  o f  t h c  f r a m e  members a r e  d e v e l o p e d  i n  T a b l e  C.4. 
Memter l o a d s  a r e  d e t e r m i n e d  by s e t t i n g  t h e  u n b a l a n c e d  
f c r c e  e q u a l  t o  z e r o  a t  e a c h  j o i n t  i n  s u c c e s s i o n  w i t h  t h e  r e s u l t s  
a s  shown i n  T a b l e  C.5. X ,  Y ,  and  Z f o r c e s  showu i n  t h e s e  equa-  
t i o n s  r e f e r  t o  t h e  j o i n t  l o a d s  c o m p i l e d  f r o m  t h r e e  s o u r c e s  a s  
d e s c r i b e d  a b o v e  f o r  t h e  s u b j e c t  j o i n t .  J o i n t s  a n d  members a r e  
a s  l e n t i f i e d  i n  F i g u r e  C.2. S u b s c r i p t s  on t h e  "P" v a l u e s  a r e  
f r a m e  member i d e n t i f i c a t i o n s .  E q u a t i o n s  a r e  w r i t t e n  f o r  t h e  
L e f t - F r o n t  q u a d r a n t .  The e q u a t i o n s  f o r  t h e  o t h e r  q u a d r a n t s  a r e  
w r i t t e n  f rom c o n s i d e r a t i o n s  of  symmetry .  
C .  5 FRAME MEMBER CRITICAL LOADS A N D  DESIGN 
The i n t e g r a t e d  f r a m e  a n a l y s i s  p rog ram a c c e p t s  t h e  l o a d -  
i n g  c o n d i t i o n  d a t a  f rom T a b l e s  B . l  t h r o u g h  B.7 and p r o c e s s e s  t h e  
d a t a  t o  p r o d u c e  l o a d s  i n  e a c h  m e l b e r  o f  t h e  f r amework .  The 
e q u a t i o n s  d e v e l o p e d  i n  S e c t i o n s  C.2,  C.3 and  C.4 and  s u p p o r t i n g  
g e o m e t r i c  d a t a  a r e  a n  i n t e q r a l  p a r t  o f  t h e  compu te r  F rog ram.  
S i n c e  t h e  f ramework  h a s  two p l a n e s  of  symmetry a l l  members n o t  
i n  t h e  p l a n e s  of  symmetry o c c u r  4  t1:es i n  t h e  s t r u c t u r e ,  members 
i n  t h e  p i u n e s  o f  symmetry o c c u r  t w i c e  w i t h  t h e  e x c e p t i ~ n  o f  t h e  
k e e l  wh ich  l i e s  i n  o n e  p l a n e  and  p a s s e s  t h r o u g h  t h e  o t h e r .  
T a b l e  C.3 FRAME JOINT LOCATIONS 
JOINT X Y Z 
F1  240 0  1 5 0  
LF2 480  468 300 
I.F6 300 292 .50  3 5 6 . 2 5  
LF4 240 468  300 
C2 0  0  450 
L2 0  468 300 
LA4 -240 468 300  
LA6 -300 292 .50  356 .25  
LA 2  -480 468  300 
A 1  -240  0  1 5 0  
RA2 -480  -468  300 
RA6 -300  -292 .50  356 .25  
RA4 -240  -468 300 
R2 0  -468  300  
C 2  0 0  450 
RF4 240 -468  300 
.: F 6  300 - 2 9 2 . 5 0  3 5 6 . 2 5  
RF 2 480 -468 300  
F 1  240 0  1 5 0  
T a b l e  C . 4  
?RAMS HEHBER LlNGTUS - PROJECTIONS - COSINES 
wan. x '1 z L x/L . L Z/L 
ORIGINAL PAGE IS 
OF POOR QUALI1. 
T a b l e  C .5  - MEMBER LOAD EQUATIONS 
- -- 
R e s u l t s  
LA2 Sym P,, = - X  - . 7 6 9 2 3 Y  + . 7 9 9 9 9 Z  
- 
' 1 6  - . 5 8 4 3 2 Y  + 1 . 8 2 3 0 9 2  
'15 = . 7 3 3 9 4 Y  - 2 , 2 8 9 9 0 2  
P,, = - X  + . 7 6 9 2 3 Y  + . 7 9 9 9 9 2  
'36 = - . 5 8 4 3 2 Y  + 1 . 8 2 3 0 9 2  
- 
p 3 5  - - . 7 3 3 9 4 Y  - 2 . 2 8 9 9 0 2  
- 
'14 - . 5 4 9 7 6 Y  - 1 . 7 1 5 2 5 2  
- 
P 1 2  
 . 5 2 5 0 5 Y  +l. 6 3 8 1 7 2  
P,, = - X  + . 1 7 0 9 4 Y  - . 5 3 3 3 4 2  + P,, 
'Table C.5- MEMBER LOAD EQUATIONS [CONTL 
Joint Equation Results 
p 3 3  = -.S1216 P,, 
'30 
t P3, + .66735 P3, 
'29 = -.52505Y -1.638182 -.52344 
(P25- P33) 
'4 o = -.32179Y -1,13942 (X + P,, - P,,) 
+.911542 -,97086 (P,, - P,,) 
'41 = -.32179Y +1.13942 (X + P2, - P 3 1 )  
+,91154Z +.97086 (P2, - F,,) 
T a b l e  C . 5  - MEMBER LOAD EQUATIONS [CONT] 
-- 
J a i n t  E q c a t  ion R e s u l t s  
P,, = . 8 0 0 4 1 X  + . 6 4 0 3 1 2  + .419!+4 
(Pa + P2,) - . 6 9 9 0 7  (PI, + 
P30) - . I 9 5 4 4  (P, + P,,) 
P,, = - . 8 0 0 4 1 X  + - 6 4 0 3 1 2  + a 4 1 4 4 4  
(Pl 0 + P,,) - . 6 9 9 0 7  (P, + P2,) 
- . I 9 5 4 4  (P, + P,,) 
'1 9 = X + . 4 3 8 8 2  (P2 + P,, - P,, 
- Pu ) - . 6 2 4 6 9  P z O  
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T a b l e  C.6 p r e s e n t s  t h e  maximum a n d  minimum l o a d s  o c c u r -  
r i n g  i n  e a c h  member o r  i t s  s y m m e t r i c a l  o p p o s i t e s  f o r  e a c h  o f  t h e  
s e v e n  d e s i g n  l q a d i n g  c o n d i t i o n s .  
N o t e  t h a t  c r i t i c a l  l o a d s  o c c u r  i n  C o n d i t i o n  1.1 (Dynamic  
C o l l e c t i v e )  f o r  m o s t  o f  t h e  m a i n  m e m b e r s .  I n  s e v e r a l  c a s e s  t h e  
C o n d i t i o n  2 . 1  (One  E n g i n e  O u t  Dynamic  C o l l e c t i v e )  i s  s l i g h t l y  m o r e  
c r i t i c a l .  T h e  2 w h e e l  l a n d i n g  c o n d i t i o n  p r o d u c e s  c r i t i c a l  l o a d s  
i n  many o f  t h e  m ? i n  members  r e p r e s e n t i n g  a p p r o x i m a t e l y  a  5 0 %  
r e v e r s a l  o f  t h e  C o n d i t i o n  1.1 l o a d s .  The  maximum y a w i n g  e f f o r t  
c o n d i t i o n  i s  c r i t i c a l  o n  c e r t a i n  l i g h t l y  l o a d e d  members  a n d  t h e  
c e n t e r  p o i n t  m o o r i n g  c o n d i t i o n  a p p e a r s  t o  b e  c r i t i c a l  f o r  t h e  k e c l  
o n l y .  R e f e r  t o  F i g u r e  C.2 f o r  i d e n t i f i c a t i o n  o f  t h e  m e m b e r s .  
A l l  f r a m e  members  a r e  3  boom g i r d e r s  r f  w e l d e d  s t e e l  
c o n s t r u c t i o n .  C h a r a c t e r i s t i c s  a r e  a s  d e s c r i b e d  i n  S e c t i o n  A.2 .4  
w i t h  E = 3 0  x  10 ' .  D / t  = 4 0 ,  F = 1 8 0 , 0 0 0  p s i ,  FTU = 1 8 0 , 0 0 0  i n  
c  Y 
t h e  a s - w e l d e d  c o n d i t i o n .  M a t e r i a l  i s  HP9420 s t e e l .  
T h e  t h e o r e t i c a l  o p t i m u m  d e s i g n  o f  t h e  f r a m e  members  i s  
shown i n  T a b l e  (2.7. PC a n d  PT a r e  t h e  maximum c o m p r e s s i o n  a n d  
maxinum t e n s i o n  l o a d s  o f  T a b l e  C . 5  m u l t i p l i e d  b y  a  F a c t o r  o f  
S a f e t y  o f  1 . 5 ,  e x p r e s s e d  i n  K i p s .  
T h e  u n s u p p o r t e d  l e n g t h  L i s  t a k e n  f r o m  t h e  g e o m e t r y ,  
T a b l e  C.4 .  
T h e  s t r u c t u r a l  i n d e x  P / L ~  i s  i n  l b s / i n 2 .  
The o p t i m u m  e f f e c t i v e  s t r e s s  u i s  t a k e n  f r o m  S e c t i o n  
O e  
A.2.4 w i t h  E = 3 0  x  1 0 '  a n d  D / t  = 4 0 .  
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TABLE C.6 FRAME MEMBER LOADS [ L I M I T S ]  ( C o n t i n u e d )  
C o n d i t i o n  7 . 1  
D r a g  S t r u t  L o a d s  C x  = 2.89983 
A d d e d  
L o a d -  T o t a  1 
x F L o a d  C a b l e  L o a d  
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The r e q u i r e d  boom a r e a  i n  c o m p r e s s i o n  A c  i s  
+ a ( 1 . 5 )  ( R e f .  Page  A.8)  
0 
e  
PA i s  t h e  a d d i t i o n a l  boom a r e a  r e q u i r e d  when PT e x c e e d s  
t h e  t e n s i o n  s t r e n g t h  of  t h e  s t r u t  d e s i g n e d  on  t h e  b a s i s  o f  com- 
p r e s s i o n  a l o n e  
where  A Is t h e  t o t a l  a r e a  Ac + A c  
The t h e o r e t i c a l  w e i g h t  i s  0 .286  ( 1 . 5  Ac + AA). 
b  i s  t a k e n  f rom S e c t i o n  A.2.4 w i t h  E = 30 x l o 6  and  
o p t  
r e p r e s e n t s  optimum d i m e n s i o n  f o r  t h e  c o m p r e s s i o n  s t r u t  f r o m  
c e n t e r  t o  c e n t e r  o f  c o r n e r  t u b e s .  
D i s  t a k e n  f rom S e c t i o n  ~ ~ 2 . 4  - w i t h  E r 30 x 1 0 6  
o p t  
r e p r e s e n t s  t h e  optimum boom t u b e  d i a m e t e r  f o r  t h e  c o m p r e s s i o n  
l o a d  w i t h  D / t  = 40 and  l a t t i c e  a r r a n g e m e n t  a s  i n  S e c t i o n  A.2.3 
- D i s  m e a s u r e d  t o  t h e  c e n t e r  of t h e  w a l l  t h i c k n e s s .  
0 P t  
A P P E N D I X  D 
D E T A I L S  O F  O U T R I G G E R  A N L A Y S I S  
C O Y V E R S I O N  FACTOg:  FOR APPENDIX D 
1.0 Kip = 4.536 x loC2 kg 
1.0 K S I  = 6.89 x lo+6 ~ / s q  m 
1 . 0  lbfin = 1.786 kg/m 
1.0 psi - 6.89 x I"+'' Nfsq m 
1.0 sq in = 6.45 x lo-' sq m 
D . l  GENERAL 
T h i s  Appendix  p r o v i d e s  d e t a i l s  o f  t h e  o u t r i g g e r  
a n a l y s i s  as d e s c r i b e d  i n  S e c t i o n  5 . 8  o f  Book I o f  t h i s  Volume 
of  t h e  r e p o r t .  
D. 2 M A I N  STRUT SHEARS AND MOMENTS 
The o u t e r  arm o f  t h e  ma in  s t r u t  h a s  a  c h o r d  p l a n e  i n  
WL 64 a n d  i t s  a x i s  e x i e n d s  o u t w a r d  a n d  f o r w a r d  mak ing  a n  a n g l e  
o f  26.4093'  w i t h  t h e  l a t e r a l  d i r e c t i o n  a s  shown i n  Drawing 76- 
082. The  s p a r  l i e s  i n  a  v e r t i c a l  p l a n e  t h r o u g h  t h e  a x i s .  The  
h e l i c o p t e r  l o a d s  a r e  a p p l i e d  a t  t h e  g i m b a l  w h i c h  i s  l o c a t e d  
6 1  i n c h e s  a b o v e  t h e  c h o r d  p l a n e  and  75 .124  i n c h e s  a f t  of t h e  
s t r u t  a x i s  m e a s u r e d  n o r m a l  t o  t h e  p l a n e  o f  t h e  s p a r .  
Working w i t h  t h i s  g e o m e t r y  a n d  t h e  g i m b a l  l o a d s  t a b u l a t e d  
i n  T a b l e s  B . l  t h r o u g h  B.7 t h e  e q u a t i o n s  f o r  t h e  s h e a r s  a n d  moments 
on  t h r e e  s e c t i o n s  o f  t h e  o u t r i g g e r  a r e  d e r i v e d .  S e c t i o n  2  i s  a  
t h e o r e t i c a l  r i b  s t a t i o n  n o r m a l  t o  t h e  s p a r  c o n t a i n i n g  t h e  g i m b a l  
p o i n t .  S e c t i o n  3 i s  l o c a t e d  a t  t h e  i n t e r m e d i a t e  r i b  shown on 
t h e  d r a w i n g  and  S e c t i o n  4  i s  a t  t h e  "elbow" c o n t a i n i n g  t h e  
t h e o r e t f - a 1  i n t e r s e c t i o n  p o i n t  of t h e  l i f t  s t r u t  a n d  d r a g  s t r u t  
w i t h  t h e  ma in  s t r u t  a x i s  ( s e e  d r a w i n g ) .  The  e q u a t i o n s  a r e  a s  
f o l l o w s  : 
SECTION ( 2 )  
H = .09564XH - .44478YH C h o r d w i s e  S h e a r  
V = Z H  Beam S h e a r  
P = . 4 4 4 7 8 X ~  + .89564YH A x i a l  Z e n s i o n  
Mc 33.414XH + 67.284YH - MZH 
M B  .89564MXH - .44478MYH 
T = 7 5 . 1 2 4 2 ~  + .89564MyH + .44478MxH 
SECTION ( 3 )  
H = . 0 9 5 6 4 X ~  - .44478YH 
V Z H  
P  - . 4 4 4 7 8 X ~  + . 8 9 5 6 4 Y ~  
HC = N C Z '  + 2 1 7 . 2 5 9 ~ ~ '  
HB - MBZ + 217.259YZt 
T  = 75.124ZH + .8Y564MyH + .44478MxH 
SECTION ( 4 )  
H .09564Xn - .44478Yn 
v = Z H  
P = .44478XH + .89564YH 
MC M C Z '  + 458.427HZ1 
M B  = M B Z '  + 4 5 8 . 4 2 7 ~ ~ '  
T - 7 5 . 1 2 4 2 ~  + .89564MyH + .44478MXH 
The  s h e a r s  a n d  moments  r e s u l t i n g  f r o m  t h e s e  e q u a t i o n s  
a n d  t h e  h e l i c o p t e r  l o a d s  c o r r e s p o n d i n g  t o  t h e  s e v e n  l o a d i n g  con-  
d i t i o n s  a re  t a b u l a t e d  i n  T a b l e  D . 1 .  S h e a r s  i n  K i p s ,  moments i n  
i n .  l b s  t imes  10'~. V a l u e s  shown a r e  l i m i t  l o a d s  a n d  a r e  t o  b e  
m u l t i p l i e d  by a  f a c t o r  o f  s a f e t y  o f  1 . 5  t o  p r o d u c e  d e s i g n  u l t i m a t e  
l o a d s .  I n  mos t  c a s e s  c r i t i c a l  s t r esses  a re  p r o d u c e d  by  t h e  l o a d s  
o f  C o n i l l t i o n  1.1. 
D. 3 SECTION PROPERTIES 
The s e c t i o n  p r o p e r t i e s  o f  t h e  m a i n  s t r u t  o f  t h e  o u t r i g g e r  
are  e v a l u a t e d  a s  f o l l o w s :  
1) A t r i a l  c r o s s  s e c t i o n  ( a t  t h e  e l b o w )  i s  d e v e l o p e d  
and  e v a l u a t e d  ( F i g u r e  D.  1). 
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2 )  A p r e l i m i n a r y  c a l c u l a t i o n  o f  t h e  c r i t i c a l  bend-  
, i n g  s t r e s s e s  i n d i c a t e s  t h a t  r e d u c t i o n s  i n  f a c e  ;beet g a g e s  
a n d  s p a r  c'ap a r e a s  a r e  p o s s i b l e .  
3 )  A r e v i s e d  s e c t i o n  p r o p e r t y  u s i n g  r e d u c e d  m a t e r i a l  
a r e a s  was p r o j e c t e d  f r o m  t h e  t r i a l  s e c t i o n  d a t a .  
4 )  S e c t i o n  p r o p e r t i e s  a t  t h e  midway S e c t i o n  ( 3 )  a n d  
t h e  o u t b o a r d  S e c t i o n  ( 2 )  a r e  p r o j e c t e d  f r o m ' t h e  p r o p e r t i e s  a t  
S e c t i o n  ( 4 )  by a p p r o p r i a t e  r a t i o s .  
Item 1: 
S p a r  Cap 4 . 0 2  
X 7 2  X . 0 4  .48 
Sand.  .64 
R e i n f  o r .  - .40  
5 . 5 2 / 2  
O U T R I G G E R  REVISED SECTION PROPERTIES 
[Based on T r i a l  S e c t i o n ]  
A t  Max S e c t i o n  reduce spar cap a r e a  by 1 . 0  sq i n .  
Use .032  gage s k i n s  Items 2  thru  7 
, 0 2 0  gage s k i n s  Items 8 thru  1 1  
Extens ion  t o  mid and outboard s e c t i o n s  - maintain ,032 cover  
s k i n s  throughout - assume t r u e . c o n i c ' s e c t i o n .  
B a r e  
S e c t i o n  a  b  A s  I x  'Iy Cap 
4 35 .1  7 1 . 1  4.52 24996 33512 3 .0  
3 2 4 . 9  5 0 . 5  3.09 8 7 9 8  12008  1 . 9 5  
STRESS ANALYSIS 
Bend ing  S t r e s s e s  
Maximum b e n d i n g  s t r e s s e s  o c c u r  i n  C o n d i t i o n  1.1 i n  
r e g i o n  of  t h e  c e n t e r  s p a r  c a p .  Maximum S t r e s s e s  a t  t h e  T . E .  
and  L.E. o c c u r  i n  C o n d i t i o n  3 .1 .  
* S e c t i o n  M ~ m a x  x l o - 6  f b  n * Ymax f b ~ . ~ . , ~ . ~ .  
* U l t i m a t e ,  i n c l u d e s  f a c t o r  of  s a f e t y  of 1 . 5 0  
**Local  r e i n f o r c e m e n t s  w i l l  b e  r e q u i r e d  f o r  a  s h o r t  d i s t a n c e  
inward  from t h e  o u t b o a r d  s t a t i o n  a t  t h e  L . E .  and T.E. 
T o r s i o n  A n a l y s i s  
T o r q u e  Box Area  = nab  
S e c t  i o n  a  b  n a b  Tmax QT t~ I 
i 
4  3 5 . 1  71 .1  7860 6.72 x 10' 428 6 .7  KSI 
2  ' 1 6 . 1  3 2 . 6  1650  6 .72  x 1 0 '  2040 32 KSI 
S t a b i l i t y  o f  t h e  Sandwich  S h e l l  
Core  t h i c k n e s s e s  a r e  d e s i g n e d  t o  p r o v i d e  e l a s t i c  s t a b i l i t y  t o  
6 0 , 0 0 0  p s i  f o r  b e n d i n g  s t r e s s e s  and 4 0 , 0 0 0  p s i  f o r  s h e a r  
s t r e s s e s .  
The c h o r d w i s e  and  beamwise s h e a r  f o r c e s  w i l l  add and  
f rom t h e  t o r s i o n a l  s h e a r  and  must  b e  t a k e n  i n t o  a c c o u n t  f o r  
l o c a l  s t r e s s e s  b u t  t h e  o v e r a l l  b u c k l i n g  i s  e v a l u a t e d  o n l y  o n  
t h e  b a s i s  o f  t h e  b e n d i n g  a n d  t o r s i o n  a s  a r e a s o n a b l e  a p p r o x i -  
m a t i o n .  
M.S. = p$-- - 
T n  
D i r e c t  S h e a r  S t r e s s e s  
S i n c e  t h e  t o r s i o n a l  s h e a r  s t r e s s e s  a r e  low e x c e p t  n e a r  t h e  
o u t e r  e n d ,  t h e  a d d i t i o n  o f  d i r e c t  s h e a r  s t r e s s e s  w i l l  n o t  b e  
a p r o b l e m  e x c e p t  n e a r  t h e  o u t e r  end.  ' T h e r e f o r e ,  a s i m p l e  
a p p r o x i m a t i o n  w i l l  s u f f i c e .  
F o r  beam s h e a r  assume 5 o f  v e r t i c a l  s h e a r  g o e s  i n t o  t h e  s p a r  
web w i t h *  a r o u n d  t h e  e n d s  w i t h  a n  a d d i t i o n a l  f a c t o r  o f  1 . 0 5  
i n c l u d e d .  F o r  c h o r d w i s e  s h e a r ,  u s e  1 . 5  t i m e s  t h e  a v e r a g e  o v e r  
t h e  c h o r d  i s  u s e d .  
Direct Shear - Outboard S e c t i o n  
-- 
Added to torsion shear Condition 1.1 
v V = 92,000 lbs = 92*000 = 2,860 LbIIn 2 x 16.1 
Spar Web q = # x 2860 x 1.05 = 2,000 Lblfn 
L.E. 6 T.E. q = 1 x 2860 x 1.05 = 500 LbIIn 6 
Shear  
S t r e 8 8  
Cut q l' Q H  q Y  QTot t f KS I 
1 2 04 0 0 -500 1540 020 38.5 
2 2040 -18 +500 2522 .032 39.4 
3 2040 -18 -500 1522 .032 23.8 
4 2040 0 +SO0 2540 ,032 3907 
5 2 04 0 +18 -500 1558 ,032 24.3 
6 2040 +18 +SO0 2558 ,032 40.0 
7 0 0 2000 2000 .025 40.0 
Spar Web 
S ince  t h e  o u t r i g g e r  a r e a  i s  a c o n i c a l  geometry t h e  r h e a r  f l ows  
w i l l  f a l l  o f f  i n v e r s e l y  w i t h  t h e  s q u a r e  of  t h e  d e p t h ,  
S P A R  SHEAR FLOWS 
q 
2000 
1560 
t 
. 025 Facer 
,016 Facer 
f 
A P P E N D I X  E  
ENVELOPE A N A L Y S I S  
CONVERSION FACTORS FOR APPENDIX E 
1 . 0  it I 
l . O f t / e e c  - 
1 . 0  In I 
1 . 0  k t  I 
1 . 0  l b  I 
1 . 0  l b l f t  I 
1 . 0  l b / s t  f t  = 
1 . 0  mph = 
E e  1 GENERAL 
T h i s  Appendix r e p o r t s  d e t a i l s  of t h e  HLA e n v e l o p e  a n a l y e i s  
( s e e  S e c t i o n  5 .9  of Book I of t h i s  volume o f  t h e  r e p o r t ) .  
E. 2  ENVELOPE PRESSURE RRQUIREMENTS* 
S e c t i o n  5.9.2 of Book I of t h i s  volume of  t h e  r e p o r t  
d e l i n e a t e s  t h e  c r i t i c a l  d e s i g n  c o n d i t i o n s  c o n s i d e r e d  i n  d e t e r m i n i n g  
t h e  r e q u i r e d  e n v e l o p e  p r e s s u r e .  T h i s  s e c t i o n  p r o v i d e s  a d d i t i o n a l  
d a t a  r e l a t i v e  t o  t h e  development  of t h e  p r e s s u r e  r e q u i r e m e n t s .  
E.2.1 Masted Out 
When mas ted  o u t  t h e  a i r s h i p  i s  s e c u r e d  t h r o u g h  a t t a c h m e n t s  
t o  t h e  i n t e r c o n n e c t i n g  s t r u c t u r e  which p e r m i t s  t h e  a i r s h i p  t o  
w e a t h e r v a n e  f r e e l y .  The s t a b l e  p o s i t i o n  which i t  assumes  i s  broad-  
s i d e  t o  t h e  d i r e c t i o n  of t h e  wind.  
The s h a p e  of t h e  c r o s s  s e c t i o n  o f  t h e  e n v e l o p e  when mas ted  
o u t  a t  65 MPH was d e t e r m i n e d  f o r  v a r i o u s  l e v e l s  of p r e s s u r e .  It 
was found t h a t  a p r e s s u r e  of 5" H20 measured a t  t h e  i n t e r c o n n e c t i n g  
s t r u c t u r e  was r e q u i r e r *  t o  p r o v i d e  a c c e p t a b l e  e n v e l o p e  d e f o r m a t i o n s .  
The c r o s s  s e c t i o n a l  s h a p e  of  t h e  e n v e l o p e  when s u b j e c t e d  t o  65 MPH 
and w i t h  5' H 2 0  p r e s s u r e  i s  shown i n  S e c t i o n  
E. 2.2 L a n d i n a  
The dynamic i n t e r a c t i o n  between t h e  car and  t h e  e n v e l o p e  was 
s t u ~ ~ e d .  It was f o u n d  t h a t  t h e  c r i t i c a l  c o n d i t i o n  f o r  t h e  e n v e l o p e  
o c c u r s  a f t e r  impac t  when t h e  m o t i o n  of  t h e  e n v e l o p e  and t h e  c a r  were  
o u t  of phase .  I n  t h e  f o u r - p o i n t  l a n d i n g  a t  a 5  f t / r s c  s i n k i n g  s p e e d  
t h e  c o n d i t i o n  p roduced  a  dynamic l o a d  of  50 ,000  l b e  on t h e  e n v e l o p e  
i n  a d d i t i o n  t o  t h e  100,000 l b  s t a t i c  l o a d .  The s t a t i c  l o a d  was 
r e a c t e d  by t h e  n e t  l i f t  of t h e  e n v e l o p e .  The dynamic l o a d  was 
r e a c t e d  by  t h e  mass of  e n v e l o p e  which i n c l u d e d  t h e  w e i g h t  o f  
I 
t h e  e n v e l o p e  and  h e l i u m  and t h e  a p p a r e n t  mass of t h e  a i r  s u r r o u n d -  i 
i 
i n g  t h e  e n v e l o p e .  
The a p p a r e n t  a i r  mass  was t a k e n  a s  85% of t h e  d i s p l a c e d  
volume of t h e  e n v e l o p e  ( R e f e r e n c e  2).  
The maximum b e n d i n g  moment o c c u r r e d  a t  t h e  c e n t e r  o f  t h e  
e n v e l o p e .  
E.2.3 F l i g h t  - Maneuver 
The c r i t i c a l  c o n d i t i o n  f o r  maneuver o c c u r s  i n  t h e  dynamic  
c o l l e c t i v e  c o n d i t i o n  i n  which t h e  e n v e l o p e  i s  s u b j e c t e d  t o  a  
50,000 lb dynamic l o a d  f rom t h e  i n t e r c o n n e c t i n g  s t r u c t u r e  i n  
a d d i t i o n  t o  t h i s  100,000 l b  s t a t i c  l o a d  o f  t h e  s t r u c t u r e  s u p p o r t e d  
by t h e  e n v e l o p e .  S i n c e  t h e s e  l o a d s  a r e  t h e  same as t h o s e  u s e d  f o r  
t h e  l a n d i n g  c o n d i t i o n  t h e  dynamic and  s t a t i c  moments w i l l  a l s o  b e  
t h e  same. 
E.2.4 F l i g h t  - Gus t  
The e n v e l o p e  i s  d e s i g n e d  t o  r e s i s t  a  50 FPS d u s t  when 
f l y i n g  a t  65 k n o t s .  The ae rodynamic  moment i s  d e t e r m i n e d  f rom 
r h e  f o r m u l a  
Where U = g u s t  v e l o c i t y  f t l s e c  
V = a i r s h i p  v e l o c i t y  f t l s e c  
p = a i r  d e n s i t y  
Y e n v e l o p e  volume c u  f t  
3 4 2  F = f i n e n e s s  r a t i o  = - = 3 . 2  107 
x~ - 3,831,827 f t  l b s  
T h i s  moment i s  p r o b a b l y  c o n s e r v a t i v e  s i n c e  i t  was d e r i v e d  
f o r  a n  e n v e l o p e  w i t h  a n  empennage. 
E.2.5 F l i g h t  - Maximum Y a w  
The maximum yaw c o n d i t i o n  o c c u r s  i n  a t i g h t  t u r n .  The 
dynamic moment was d e t e r m i n e d  f o r  t h i s  c o n d i t i o n  and found  t o  be  
low when compared t o  t h e  o t h e r  f l i g h t  c o n d i t i o n s .  
The yawing moment i s  r e s i s t e d  by t h e  i n t e r c o n n e c t i n g  
s t r u c t u r e  t h e r e f o r e  t h e r e  a re  a p t  t o  b e  h i g h  s h e a r  s t r e s s e s  i n  t h e  
v i c i n i t y  o f  t h e  e x t e r n a l  c a t e n a r y  which  c o u l d  c a u s e  w r i n k l i n g  of  
t h e  e n v e l o p e .  T h i s  c o n d i t i o n  was i n v e s t i g a t e d  and found  t o  b e  n o t  
c r i t i c a l .  
E. 2 .6  Summary 
The s t a t i c ,  dynamic and ae rodynamic  moments d e t e r m i n e d  f o r  
t h e  above  f l i g h t  and l a n d i n g  d e s i g n  c o n d i t i o n s  a r e  summarized i n  
T a b l e  5.2 o f  Book I o f  t h i s  volume of t h e  r e p o r t .  The p r e s s u r e  
r e q u i r e d  f o r  t h e  c r i t i c a l  c o n d i t i o n  i s  a l v o  d e t e r m i n e d  i n  S e c t i o n  
5 .9 .3  o f  Book I of t h i s  volume o f  t h e  r e p o r t .  
ENVELOPE SHAPE ANALYSIS 
E.3.1 C e n t e r  P o i n t  Mooring C o n d i t i o n  
T h i s  s e c t i o n  p r o v i d e s  d e t a i l s  of  t h e  a n a l y s i s  of t h e  e n v e l o p e  
s h a p e  when moored a s  d i s c u s s e d  i n  S e c t i o n  5 .9 .7 .1  o f  Book I of t h i s  
volume of t h e  r e p o r t .  
The e x t e r n a l  p r e s s u r e  d i s t r i b u t i o n  of F i g u r e  5 ,12  of Book I 
i f  t h i s  volume of t h e  r e p o r t  i s  combined w i t h  a n  i n t e r n a l  g a s  p r e s s u r e  
uased on 25 l b s  p e r  s q u a r e  f o o t  a t  t h e  s h o u l d e r  beams l e v e l  ( a p p r o x i -  
m a t e l y  5" H20). 
Loads a r e  a p p l i e d  t o  a one- foo t  s t r i p  o f  t h e  e n v e l o p e  c r o s s  
s e c t i o n  r e p r e s e n t i n g  t h e  c e n t e r  1 2 0  i t  o f  t h e  e n v e l o p e .  Loads 
o r i g i n a t i n g  on t h e  e n d s  of t h e  e n v e l o p e  a r e  i n t r o d u c e d  t o  t h e  c r o s s  
s e c t i o n  by s h e a r  f o r c e s .  T a b l e  E . l  shows t h e  p r e s s u r e  and s h e a r  
l o a d s  u s e 3  i n  t h e  c a l c u l a t i o n s .  P r e s s u r e  l o a d s  a r e  t a k e n  a s  con- 
s t a n t  o v e r  a n  a r c  l e n g t h  r e p r e s e n t i n g  15' on  t h e  u n d i s t o r t e d  c y l i n -  
d r i c a l  e n v e l o p e .  S h e a r  l o a d s  a r e  i n t r o d u c e d  a s  i n c r e m e n t s  t o  t h e  
hoop t e n s i o n  a t  t h e  j u n c t i o n  of t h e  15' a r c  segments .  J u n c t u r e  
p o i n t s  a r e  i d e n t i f i e d  i n  T a b l e  5.19 by t h e i r  l o c a t i o n  (on  t h e  
u n d i s t o r t e d  e n v e l o p e )  a s  a n  a n g l e  measured from bo t tom c e n t e r  i n  
t h e  c l o c k w i s e  d i r e c t i o n .  
E,3.1.1 A n a l y s i s  - 1 8  Arc S o l u t i o n  
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From equilibrium of incremental Arc: 
4 = A S ,  2 A S  = R, 
4) Y = Y ,  + C A Y  
5 )  2 Z, + C A Z  
6 )  T T o  + CAT 
Constraints: 
7) At points 6 and 1 2  y 2  + Z 2  = a 2  
At points 18 Y1, = - Y o ,  Z,, = Z, 
8) At the catenary curtain attachments [Pts 6 and 121 the 
resultant of the hoop tension forces including the AT forces at 
the juncture must pass through the origin. 
The cross sectional shape is determined by integrating 
the above equations step by step to find values of T o ,  $,, 
$ 6 + '  $ 1 2  + which satisfy the constraints. 
The problem is programmed for the digital computer to pro- 
ceed as follows: 
1 )  For  a n  e s t i m a t e d  v a l u e  of T o  and 4 o  i n t e g r a t e  t o  p o i n t  
( 6 )  d e t e r m i n i n g  Y 6  and Z 6 ;  compute t h e  e r r o r :  
where "a" i s  a  p r e - s e l e c t e d  l e n g t h  o f  t h e  i n t e r n a l  c u r t a i n  and 
c a b l e s  from t h e  o r i g i n .  Make a c o r r e c t i o n  t o  4 ,  
where  C 1  i s  a  c o n v e r g e n c e  f a c t o r  d e t e r m i n e d  by e x p e r i m e n t  t o  i n -  
s u r e  c o n v e r g e n c e .  
2)  R e p e a t  s t e p  one  w i t h  t h e  new v a l u e s  o f  $ o  a s  many t i m e s  
a s  n e c e s s a r y  t o  r e d u c e  e l  t o  z e r o  w i t h i n  a  s p e c i f i e d  t o l e r a n c e .  
[The t o l e r a n c e  wae t a k e n  a s  . O 1  f t . ]  
3) Us ing  t h e  v a l u e s  o f  Y 6 ,  Z6 and $ 6  from ( 2 )  above:  
a )  Guess  @ 6 +  
b) Compute T6+ r e q u i r e d  t o  meet  c o n s t r a i n t  ( 8 )  and 
c a r r y  t h e  c a l c u l a t i o n  t o  p o i n t  1 2 .  I t e r a t e  on u n t i l  t h e  
d i m e n s i o n a l  c o n s t r a i n t  a t  p o i n t  ( 1 2 )  i s  s a t i e f i e d .  
4) I n  a s i m i l a r  f a s h i o n  i t e r a t e  on 4 r z +  u n t i l  p o i n t  1 8  f a l l s  
on t h e  p r o p e r  r a d i u s  from t h e  o r i g i n .  
The f i n a l  s t e p  i s  t o  r e p e a t  t h e  e n t i r e  p r o c e r s  w i t h  d i f f e r -  
e n t  v a l u e s  of  T o  u n t i l  p o i n t  18 f a l l e  p r e c i r e l y  on t h e  a t t a c h m e n t  
p o i n t  t o  t h e  r t a r f r a m e .  
S i n c e  t h e  u n d e f l e c t e d  c y l i n d r i c a l  c r o s s  s e c t i o n  i s  
d e s i g n e d  a s  a  c i r c l e  w i t h  a  r a d i u s  o f  53 .5  f t  t h e  a p p r o x i m a t e  
r a d i a l  l e n g t h  "a" o f  t h e  i n t e r n a l  s u s p e n s i o n  s y s t e m  was g u e s s e d  
t o  l i e  b e t w e e n  5 2 . 0  a n d  53 .0  f t .  
Computer  r u n s  were made f o r  a = 5 2 . 0  a n d  a  = 53 .0 .  L a t e r  
s t u d i e s  o f  t h e  s y m m e t r i c a l  r i g g i n g  c o n d i t i o n  showed t h a t  a - 5 2 . 5  
f t  p r o v i d e d  a s a t i s f a c t o r y  c r o s s  s e c t i o n a l  s h a p e  w i t h  t h e  l i f t  o f  
t h e  e n v e l o p e  d i s t r i b u t e d  a p p r o x i m a t e l y  50-50 b e t w e e n  t h e  i n t e r n a l  
and  e x t e r n a l  s y s t e m s  w h i c h  was  j u d g e d  t o  b e  a  good b a l a n c e .  The 
c r o s s  s e c t i o n a l  s h a p e  f o r  t h e  c e n t e r  p o i n t  m o o r i n g  c o n d i t i o n  i s  
shown i n  F i g u r e  E.: and  r e p r e s e n t s  a n  i n t e r p o l a t i o n  b e t w e e n  t h e  
c o m p u t e r  r u n s  f b r . a  = 52.0 a n d  a  = 5 3 . 0  The hoop t e n l i o n s  T  
a r e  a l s o  shown. 
E.3.2 S y m m e t r i c a l  Loads  
T h i s  s e c t i o n  p r o v i d e s  d e t a i l s  o f  t h e  a n a l y s i s  o f  t h e  
e n v e l o p e  s h a p e  d u e  t o  s y m m e t r i c a l  l o a d s  a s  d i s c u s s e d  i n  S e c t i o n  
5 .9 .7 .2  o f  Book I o f  t h i s  vo lume  o f  t h e  r e p o r t .  
I n  t h e  i n i t i a l  s e r i e s  o f  c o m p u t e r  r u n s  t h e  s h a p e  was  
computed  t o r  a n  e q u a t o r i a l  s u p e r  p r e s s u r e  o f  3 ,  4  and  5  i n c h e s  
o f  w a t e r  r e s p e c t i v e l y  and  w i t h  Z X  = -208 ,  -104 ,  -312 w h e r e  ZX = 
-208 r e p r e s e n t s  t h e  n o m i n a l  c o n d i t i o n  w i t h  t h e  v e r t i c a l  l o a d  s p l i t  
b e t w e e n  t h e  i n t e r n a l  s y s t e m  and  t h e  e x t e r n a l  s y s t e m  o n  a  50-50 b a s i s .  
I n p u t  d a t a  f o r  t h e s e  9  r u n s  i s  shown i n  T a b l e  E.2. The 
s h e a r  f o r c e s  Q a r e  i n t r o d u c e d  f o r  s i m p l i c i t y  a s  5  e q u a l  f o r c e s  
t a n g e n t  t o  t h e  e n v e l o p e  a t  5 p o i n t s  a s  shown i n  F i g u r e  5 .13  o f  
Book I o f  t h i s  vo lume o f  t h e  r e p o r t .  
The hoop t e n s i o n  a n d  c o o r d i n a t e s  a t  p o i n t  ( 1 )  a r e  comput  
f r o m  t h e  g e o m e t r y  o f  F i g u r e  5 . 1 3  o f  Book I o f  t h i s  vo lume o f  t h e  
r e p o r t  a n d  t h e  Loads  Pol, PO2 ,  Po3 and  ZX.  
HQOP 
TENS I ON 
F I G U R E  E . l  E N V E L O P E  S H A P E  - C E N T E R  P O I N T  MOORING 
E - 1 0  
b 
INITIAL CONDITION I 
Con- 
dition 6 @ Q @ Q @ O @ 8 
Ref 
Prea- 3" 3" 3 I' 4" 4" 4 " 5 
aure 
~ i + 5 ~ 2 ~ P i + ' l O ~ 2  
Ao 474.26 474.26 474.26 664.27 664.27 664.27 854.28 854.28 854.28 
ZX -208 -312 -104 -208 -312 -104 -208 -312 -104 
ZEEI 139 69 207 139 69 207 139 69 207 
The i n t e g r a t i o n  of t h e  e e c t i o n  s h a p e  i s  c a r r i e d  o u t  u s i n g  
a  nomina l  v a l u e  of 4 and ZEEI a s  a  e t a r t i n g  p o i n t  and  a d j u s t i n g  
1 
t h e s e  v a l u e s  by a n  i t e r a t i v e  p r o c e d u r e  t o  meet t h e  c o n s t r a i n t s  of  
symmetry a t  t o p  c e n t e r .  
For  e a c h  c o n d i t i o n  ( d e f i n e d  by Z X  and s u p e r  p r e s e u r e )  t h i s  
p r o c e d u r e  p r o d u c e s  t h e  c r o s s  s e c t i o n  s h a p e ,  hoop t e n s i o n s  and t h e  
r a d i u s  "a" of  t h e  i n t e r n a l  s u s p e n s i o n  sys tem.  A p l o t  o f  t h e s e  
r e s u l t s  ( F i g u r e  E.2) p r o v i d e s  a d e v i c e  f o r  d e t e r m i n i n g  what  v a l u e  
O f "  I1 a  i s  needed t o  p r o d u c e  a  c h o s e n  s p l i t  o f  t h e  v e r t i c a l  l o a d s  
be tween t h e  i n t e r n a l  and e x t e r n a l  s y s t e m  r i g g i n g  c o n d i t i o n  and t o  
a c c e s s  t h e  c h a n g e s  i n  t h i s  d i s t r i b u t i o u  w i t h  c h a n g i n g  p r e s s u r e  con- 
d i t i o n .  
Obse rve  f rom t h e  f i g u r e  t h a t  "a" - 52.5  f e e t  p r o v i d e s  t h e  
nomina l  r i g g i n g  c o n d i t i o n  of  Z X  - 0208 a t  4" H20 which c o r r e s p o n d s  
t o  a  50-50 d i s t r i b u t i o n  of  v e r t i c a l  l o a d  between t h e  i n t e r n a l  and 
e x t e r n a l  s y s t e m s .  Note a l s o  t h a ;  2X (drops t o  a b o u t  -175 when t h e  
p r e s s u r e  g o e s  up t o  5' H20 and i n c r e r s e s  t o  a b o u t  -235 a t  3" H20. 
The c o r r e s p o n d i n g  v a l u e s  f o r  t h e  v e r t i c a l  component of  t h e  i n t e r n a l  
c u r t a i n  l o a d  a r e  1 3 5 ,  156 ,  and 108  f o r  p r e s s u r e s  of  4 ,  5  an3  3" of  
H20 r e s p e c t i v e l y .  Thus ,  t h e  v e r t i c a l  l o a d  d i s t r i b u t i o n  e x t e r n a l l  
i n t e r n a l  s h i f t e  f rom 5 0 / 5 0  a t  4" t o  4 2 / 5 8  a t  5'' and 56 /44  a t  3". 
An a d d i t i o n a l  r u n  w i t h  no u n b a l a n c e d  v e r t i c a l  l o a d  was made 
f o r  compar i son  w i t h  t h e  r i g g i n g  c o n d i t i o n .  A d e t a i l  c a l c u l a t i o n  o f  
t h e  CG of  t h e  c r o s s  s e c t i o n s  showed t h a t  t h e  CG of  t h e  un, loaded 
( a i r  i n f l a t e d  z e r o  f a b r i c  w e i g h t )  a e c t i o n  l i e s  a t  . I 5  f t  below t h e  
n o m i , ~ a l  c e n t e r  and moves t o  .75  f t  above  t h e  nomina l  c e n t e r  f o r  t h e  
1 G  r i g g i n g  c o n d i t i o n .  T h i s  c o n d i t i o n  c o r r e s p o n d s  t o  a p p r o x i m a t e l y  
100 ,000  l b  n e t  l i f t  l o a d  on t h e  s u s p e n s i o n  sys tem.  The v e r t i c a l  
s p r i n g  c o n s t a n t  c o n s i d e r i n g  c r o s s  s e c t i o n  d e f l e c t i o n s  a l o n e  i s  t h e t e -  
f o r e  on t h e  o r d e r  o f  111 ,000  l b e  p e r  f t .  When t h e  a d d i t i o n a l  d e f l e c -  
t i o a e  of  c a b l e  s t r e t c h ,  e n v e l o p e  s h e a r ,  and e n v e l o p s  bend ing6  a r e  
i n c l u d e d  ( n o t  e v a l u a t e d  a t  t h i s  t i m e )  i t  i s  a n t i c i p a t e d  t h a t  t h e  n e t  
I:. 
v e r t i c a l  s t i f f n e s s  w i l l  b e  c o n s i s t e n t  w i t h  t h e  K12 = 7 5 , 0 0 0  l b s  p e r  
f t  u s e d  i n  t h e  d y n a m i c s  c n a l y s i s  o f  a  p r e v i o u s  s e c t i o n  o f  t h i s  
r e p o r t .  
F u r t h e r  a n a l y s i s  o f  t h e  d a t a  showed t h a t  a l t h o u g h  t h e  
n o m i n a l  r i g g i n g  c o n d i t i o n  p l a c e s  50% o f  t h e  v e r t i c a l  l o a d  i n t o  
t h e  i n t e r n a l  Rystem, t h e  e n v e l o p e  s t i f f n e s s  i s  s u c h  t h a t  i n c r e -  
m e n t a l  l o a d s  w i l l  d i s t r i b u t e  25% o f  t h e  i n t e r n a l ,  51% t o  t h e  u p p e r  
e x t e r n a l  c u r t a i ~ ,  11% t o  t h e  l o w e r  e x t e r n a l  and  t h e  w m a i n d e r  t o  
v a r i a t i o n  o f  f a b r i c  t e n s i o n  componen t s  o n  t h e  s h o u r d e r  beam .gas  
p r e s s u r e ) .  
A s  d i s c u s s e d  p r e v i o u s l y ,  t h e  a b o v e  a n a l y s i s  was b a s e d  on 
a n  e x t e r n a l  s u s p e n s i o n  c o n f i g u r a t i o n  w h i c h  p l a c e ;  t h e  s y s t e m  on  t h e  
o u t s i d e  of t h e  e n v e l o p e  w i t h  t h e  e n v e l o p e  d e f l e c t e d  i n w a r d  by t h e  
s h o u l d e r  beam o f  t h e  s t a r f r a m e .  
T h i s  a r r a n g e m e n t  r e q u i r e s  t h a t  a l l  i n t e r n a l  s u s p e n s i o n  
c a b l e s  a s  w e l l  a s  a l l  s t a r f r a m e  members m u s t  p e n e t r a t e  t h e  e n v e l o p e .  
To a l l e v i a t e  t h i s  p r o b l e m  a n  a l t e r n a t i v e  a r r a n g e m e n t  was i n v e s t i -  
g a t e d .  I n  t h e  a l t e r n a t e  a r r a n g e m e n t  ( t h e  o n e  c h o s e n  f o r  t h e  b a s e -  
l i n e  d e s i g n )  t h e  " e x t e r n a l "  c a t e n a r y  s y s t e m  i s  a c t u a l l y  i n s i d e  t h e  
e n v e l o p e  w i t h  t h e  e n v e l o p e  a l l o w e d  t o  b u l g e  b e t w e e n  t h c  c a t e c a r y  
a t t a c h m e n t  l i n e n .  T h i s  a r r a n g e m e n t  e l i m i n a t e s  s t r u c t u r a l  p sne -  
t r a t i o n s  o f  t h e  e n v e l o p e  e x c e p t  f o r  ma in  o u t r i g g e r  s u p p o r t  members.  
A n a l y s i s  shows  t h a t  t h e  a l t e r n a t e  s y s t e m  i s  n o t  q u i t e  a s  s t i f f  a s  
t h e  o t h e r  s y s t e r n ' b u t . . i e  much more  s e c u r e  f r o m  t h e  p o s s i b i l i t y  o f  
g o i n g  s l a c k  u n d e r  h i g h  i n w a r d  o r  o u t w a r d  r a d i a l  i o a d s .  The a l t e r n a t e  
s y s t e m  i s  t h e r e f o r e  t h e  c h o s e n  d e s i g n .  
APPENDIX F 
ROTOR PERFORMANCE DATA 
C O N V E R S I O N  FACTORS FOR A P P E N D I X  F 
1 . 0  K I P  I 4 . 5 3 5  x kg 
1 . 0  k t  I 5 . 1 4 4  IC 1 0 - I  ,Is 
1 . 0  BP I 7 . 4 6  x 1 0  +2 W 
1 . 0  l b  I 4 . 5 3 5  . 1 0 - I  kg 
t~ 
I ( 5 1 9 ) ( e F  + 4 5 9 . 6 7 )  






Figure F-7 
CH-54A MAIN ROTOR 
I T H R U S T  
T E S T  T I P  
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- -- HIGH L I F T  T I P S  
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E Q U I V A L E N T  ROTOR 
SPEED (RPM) 
x 
c+ 
1 2.'
8 12 16 2 0  2 4  28 3 2  3 6  
HORSEPCWEK, HUNDRED 
H E L I C O P T E R  WEIGHT STATEMENT 
MIL-STD-951, Part I 
NAME 
DATE 
SUMMARY WE l O H 1  STATEMENT 
ROTORCRAFT ONLY 
rmrvarvwwYvvraarwvYarramr - ACTUAL 
(Cross out thobe not appl icabl e)  
CONTRACT DAAJO1-70-C-0306 
ROTORCRAFT. GOVERNMENT NUMBER 7°-18489 
ROTORCRAFT, CONTRACTOR NUMBER S.S. 64097 
MANUFACTURED BY Sikorsky Aircraft 
MAIN AUXILIARY 
t Pratt & 
Whitney 
JITD12A- 5A 
'K6T1760 
n677767 


ROTORCRAFT PW a 
8 u w w r r v  n l a n t  STA~EMEIIT wooa C H - ~ ~ B  
OATt WEIOMT EMPTY R W M T  SER-64361 
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The g u a r a n t e e d  empty w e i g h t  o f  t h e  CH-S4B i s  1 9 , 8 6 4  l b a  
( R e f e r e n c e  3  ). The e s t i m a t e d  w e i g h t  f o r  t h e  a d a p t e r  a s e e m b l y  1 
: 
r e q u i r e d  t o  i n t e r f a c e  t h e  h e l i c o p t e r  t o  t h e  i n t e r c o n n e c t i n g  
s t r u c t u r e  i s  886  l b s  e a c h .  T h u s ,  t h e  t o t a l  w e i g h t  c o n s i d e r e d  j 4 
i n  T a b l e  5 e . 5  o f  Book I o f  t h i s  vo lume  o f  t h e  r e p o r t  i s  
4  (19 ,864  + 8 8 6 )  = 8 3 , 0 0 0  l b s .  I- 1 
I 
? 
I t  s h o u l d  b e  n o t e d  t h a t  e q u i p m e n t  o n  b o a r d  t h e  h e l i c o p t e r s  
n o t  n e e d e d  i n  t h e  HLA a p p l i c a t i o n  c a n  b e  removed w h i c h  would  1 
r 
r e d u c e  t h e  v e h i c l e  empty w e i g h t  somewhat .  T h i s  h a s  n o t  b e e n  i 
done  i n  t h a t  t h e  p h i l o s o p h y  h a s  b e e n  t o  m i n i m i z e  h e l i c o p t e r  
m o d i f i c a t i o n s  i n  t h e  i n t e r e s t  o f  m i n i m i z i n g  t h e  c o s t  t o  a c h i e v e  
a  f l i g h t  r e s e a r c h  c a p a b i l i t y .  
A P P E N D I X  rJ 
E S T I M A T E D  EMPTY WEIGHT O F  O P E R A T I O N A L  HLA C O N F I G U R A T I O N  
CONVERSION FACTORS FOR APPENDIX G 
P r o p u l e i o a  
I n v a l o p a  Croup 
Envelop* 
~ a 1 1 0 ~ a t .  
P r a a r u r a  Syetam 
M a c .  Enva lopa  and  F a i r i n g o  
I n t a r n a l  S u a p e n r l o n  C u r t a i n 8  
l n t a r a a l  Suapene ion  C a b l e e  
L x c r r n a l  Suapana ion  
I n t a r c o n n a c t i n ~  S t r u c t u r e  
I n t a r n a l  S c a r f r a m a  ( i n c l u d e 8  Dr.$ S t r u t )  
Suppor t  and L i f t  S t r u t s  
C o n t r o l  Car  
P u r n i a h i n g s  
N a v i ~ a t i o n a l  I n a t r u a e n t a  
A i r c o n d i t i o n i n g  
P r a c l e i o n  Bover Sanao r  
Au toma t i c  l l i # h t  C o n t r o l  S y s t e a  E l a c t r o n i c a  
I l l -By-Ui ra  C o n t r o l  System 
E l a c t r o n i c r  
I n c a r c o n n e c t i n g  C a b l i n l  and  S u p p o r t s  
V*h ie l e  S a n a o r r  and C a b l i n a  
'75 TO. ~ a y l o a d ,  1 0 0  n a u t i c a l  m i l a  r a n g e .  h u l l  volume a p p r o x i m a c e ~ y  2  x l o 6  r t 3  
2 1 n c l u d a r  a d a p t o r  t o  e u p p o r t  e t r u t  
'Uai$ht baaed  upon removing c o c k p i t  and t a i l  e a c t l o n a  f rom a x l a t i &  CB-5lB 
h e l i c o p t e r  a t  a x i e t i n g  m a n u f a c t u r i n g  b r e a k p o i n t e .  A d e d i c a t e d  p r o p u l e i o n  
modula amploylug c u r r c n t  m a t e r i e l r  and  p r o p u l r i o n  t e c h n o l o g y  would r e d u c e  
cha propulsion module w e i a h t  eomewhat. 
